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ABSTRACT 
The first study was a prospective observation of predictors of cardiopulmonary 
hospitalization in a cohort of spinal cord injury (SCI) patients at Veterans Affairs (VA) 
centers at least one year post-SCI. Baseline data were linked to longitudinal 1996-2003 
VA hospitalization data. Predictors of admission with circulatory or respiratory system 
illness, the outcome, were assessed by multivariate Cox regression. 143 cardiopulmonary 
hospitalizations were observed. Independent predictors were greater age (3% 
increase/year), hypertension, lowest body mass index (BMI) quintile (<22.4kg/m2), and 
reduced lung function. SCI severity I neurological level did not significantly predict the 
outcome independent of covariates. Cardiopulmonary hospitalization risk in chronic SCI 
is related to greater age and medical factors that could result in strategies for reducing 
such hospitalizations. 
The second study investigated factors associated with risk-adjusted length of stay (LOS) 
for VA and Medicare-reimbursed hospitalizations prospectively observed in the same 
lX 
cohort. We merged 1999-2003 admissions in the Medicare Provider Analysis and Review 
(MEDPAR) dataset with the 1996-2003 VA hospitalizations. Risk-adjusted LOS was 
assessed in a multivariable Gaussian identity-linked generalized estimating equation 
(GEE) adjusting for repeated events. Unadjusted median LOS was 6 days for Medicare 
versus 8 days for the VA. Adjusting for repeated events and geographical location, LOS 
was significantly associated with ICU days, SCI severity, comorbidities, and surgical 
procedures. Risk-adjusted LOS did not differ between the Medicare and VA. Reducing 
LOS across both healthcare systems requires alleviating illness burden, lessening 
comorbidity, preventing skin ulcers, increasing mobility, and decreasing inpatient 
procedures. 
The third study was a cross-sectional observation of managed care attitudes and 
adherence to evidence-based clinical guidelines among primary care physicians (PCPs) 
enrolled in a pay-for-performance (P4P) collaboration. Participants were 186 survey 
respondents with complete adherence data for a panel-representative medical condition 
targeted by P4P incentives. Guideline adherence, defmed as the percent of recommended 
services actually delivered, was the outcome. Provider attitudes that were significantly 
associated with top-tertile adherence, independent of specialty and prior behavior, were 
financial salience, peer cooperation, control, and autonomy. The most adherent PCPs 
found the P4P incentives salient and felt peer-supported, but high-autonomy providers 
found early-stage incentives intrinsically demoralizing and they reduced work effort. 
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PREFACE 
This dissertation was intentionally designed, executed, and fmally written as an amalgam 
of different constituent studies employing diverse theoretical and empirical 
methodologies with different datasets to answer diverse research questions. As a 
dissertator, I felt that this was the most honest approach that I could make towards a 
health services research doctoral dissertation while respecting the diversity and 
complexity of the field. So I deliberately set out to assemble a dissertation committee 
reflecting diverse competencies, skills, experiences, opinions, and schools of thought to 
help me to pursue such a dissertation. 
I am aware of the traditional school of thought that pushes every investigator to select his 
or her own intellectual niche and to consistently seek to become the ranking expert in that 
little corner of the research landscape. I deliberately elected not to do that at this 
dissertation stage of my career. I respect that school of thought and I believe that it is 
very well suited to certain fields such as clinical research. My own attraction towards 
health services research has always been its multi-disciplinary, multi-theoretical, multi-
methods and multiple perspectives approach. As many experienced health services 
researchers told me at the Academy Health annual research meetings, this multi-pronged 
nature of health services research represents both the exciting and terrifying aspects of 
the field. 
In reading this dissertation, you might often be wondering: "How do all these different 
studies hang together?" While examining the individual studies you might ask yourself: 
xi 
"Are these not several different studies in one?" I faced these very questions every single 
day that I worked on this dissertation. I have tried to reflect the individual differences 
between the three constituent studies by including them as separate chapters. In the 
introductory and overview chapters, I have also attempted to discuss the common themes 
leading to and/ or emerging from the three constituent studies. 
As in all health services research, the dissertation projects were far from perfect and in no 
way have I exhausted all the possible sensitivity analyses and consistency checks, or 
eliminated all the biases. Many questions remain begging for answers that could not be 
addressed in a single doctoral dissertation. Perhaps even more questions were raised than 
answers proffered, which some would consider an appropriate metaphor on the rapidly 
evolving field of health services research. Over the next several years, I will excitedly 
join the dedicated band of investigators looking for those answers. I hope you enjoy 
reading this dissertation. 
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CHAPTER 1: BACKGROUND AND SIGNIFICANCE 
1.1 Historical Background 
The rise of managed health care in the 1980s is considered as the fourth stage in the 
evolution of organized health services in the U.S . (Torrens 1999), characterized by the 
influence of economic market forces, new pressures for smaller institutions, use of fewer 
health services, and reduction in expenditure of health care resources. This advent of 
managed healthcare has coincided with the peaking of two important global healthcare 
movements, namely the evidence-based healthcare movement (Sackett 1996) (Pope 
2003) and the quality of care and outcomes management movement (Ellswood 1988) 
(Blumenthal 1996) (Blumenthal 1996). 
Evidence-based medical care seeks to ensure that contemporary medical care is based on 
the best and most scientifically rigorous clinical evidence available to providers. This is a 
culmination of the professionalization of health care and "scientization" of medical 
practice (Freund and McGuire 1991) during the second phase ofU.S. health services 
development which saw the entry of scientific method into medical practice in the early 
twentieth century (Torrens 1999). 
The healthcare quality movement seeks to benchmark and codify current medical practice 
so as to set quality of care standards based on which healthcare providers and institutions 
can be assessed, profiled, and even ranked. This wave is rooted in the third stage of the 
development of organized U.S. health services initiated during the socioeconomic and 
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geopolitical upheavals around World War II and characterized by increased attention to 
the social, organizational and fmancial structure ofhealthcare (Torrens 1999). Health 
insurance companies and the federal government became key players in the healthcare 
sector during that time. The economic considerations of rising healthcare costs gradually 
merged with ethical and moral considerations of appropriateness and quality of medical 
care to morph into "value for money" questions surrounding cost-effectiveness, and 
healthcare cost versus benefit (Magee 2005). Reimbursement policies introduced by both 
Medicare and health management organizations (HMOs) have led hospitals to restrict the 
number of hospital days that they provide each year, to move many procedures from an 
inpatient to an ambulatory care setting and to generally reduce their operating size. This 
period has also been characterized with questions about the size and appropriateness of 
the physician work force, with many policy experts contending that the U.S. is 
approaching a major surplus of specialist physicians and a shortage of generalist 
physicians. 
The evidence-based healthcare and quality of care movements have evolved against the 
background of a more diverse and better informed patient population, greater reliance on 
information technology, and greater stresses and strains on professional authority and 
more specifically autonomy of physicians (Hingson, Scotch et al. 1981). Physician 
autonomy had become entrenched when rapid expansion of the hospital industry and 
diagnostic technology pressured physicians to depend on each other for referrals and 
access to facilities, adjusting to peers so as to create a cohesive profession out of 
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competing medical sects (Starr 1982). Such autonomy is now coming under increasing 
scrutiny. 
At the start of the twenty first century, the Institute of Medicine (IOM), in its widely 
acclaimed report entitled "Crossing the Quality Chasm" (Institute of Medicine (IOM) 
2001) identified six key dimensions ofhealthcare quality, namely: safety, effectiveness, 
patient-centeredness, timeliness, efficiency, and equitability. This dissertation project 
broadly concerns itself with two ofthose parameters: efficiency and effectiveness of 
health care provision. Efficiency of health service provision refers to the avoidance of 
waste, including the wastage of equipment, supplies, ideas, and energy. Effectiveness of 
healthcare refers to the provision ofhealth services based on state-of-the-art scientific 
knowledge to all who could benefit while refraining from providing services to those not 
likely to benefit. After establishing the risk factors for hospitalization with 
cardiopulmonary diseases, which are the most major diagnoses among persons with 
chronic spinal cord injury (SCI), we then study the efficiency of inpatient health service 
provision for any-cause admissions. The latter is accomplished by examining the 
appropriateness of hospital days (length of hospital stay) utilized by individuals with 
chronic SCI who are admitted at Veterans Affairs (VA) and Medicare-reimbursed Non-
V A medical centers. In an altogether separate study, we investigate primary care 
physicians' (PCPs) personal attitudes and characteristics that are associated with 
provision of medical care of the highest degree of effectiveness as outlined in evidence-
based clinical guidelines. 
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1.2 Existing Knowledge on Hospitalization with Chronic Spinal Cord Injury 
SCI is a chronically disabling medical condition that leads to increased utilization of 
healthcare services. Persons with chronic SCI require frequent follow-up examinations 
and medico-surgical procedures that result in frequent pre-planned and unplanned 
hospitalizations. Data from the VA Patient Treatment Files (PTF) of the 1970s and 1980s 
indicated that hospitalization rates were 25% to 40% annually (Samsa, Landsman et al. 
1996). More recent hospitalization rates have not been reported, but they are likely to 
have increased since survival and life expectancy following SCI has also increased 
(National SCI Center 2006) especially for the first two years after injury (Strauss, 
De Vivo et al. 2006). This has placed increasing demands on the healthcare system, as 
more and more chronic SCI patients require services on a life-long basis. 
In spite of the high potential for increased healthcare utilization in chronic SCI, there 
have been relatively few studies of the attendant risk factors (Ivie III and DeVivo 1994) 
(Davidoff, Schultz et al. 1990) (Meyers, Branch et al. 1989) (Meyers, Feltin et al. 1985). 
Little is therefore known about specific risk factors for high rates of hospitalization in 
SCI. A study by the SCI Model Care System of predictors of 1-year hospitalization found 
a decreased risk with higher levels of education, and independent functioning (including 
ambulation) (Ivie III and DeVivo 1994). Other studies examined risk factors such as 
neurologic level of SCI and educational status, but found no significant association (Cull 
and Smith 1973). To our knowledge, there has been no comprehensive longitudinal study 
of sociodemographic, clinical, and psycho-behavioral risk factors for hospitalization 
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among veterans with chronic SCI. Abnormal respiratory function is common as a result of 
respiratory muscle paralysis, and recent studies have shown that respiratory and 
cardiovascular diseases are the leading causes of morbidity and mortality in SCI (Soden, 
Walsh et al. 2004) (Yeo, Walsh et al. 1998) (Frankel, Coil et al. 1998) (Whiteneck, 
Charlifue et al. 1992) (De Vivo and Stover 1995) (Garshick, Kelley et al. 2005). Other 
predictors of excess morbidity and mortality are the neurological level and completeness 
ofthe injury, tobacco smoking and drug abuse, age at the time of injury, and long-term 
exposure to particulate air pollution (Soden, Walsh et al. 2004) (DeVivo and Stover 
1995) (Garshick, Kelley et al. 2005). 
The Veterans Health Administration has the largest single nation-wide network of SCI 
healthcare that comprises 23 designated regional SCI care centers, and 135 primary care 
teams or support clinics at local VA medical centers (Veterans Health Administration 
2005). Due to the ongoing military operations in Iraq, increases in battlefield survival 
rates, and increased life-expectancy in chronic SCI, the VA will face a continued need to 
provide in-patient medical care. Newly injured war veterans and active duty soldiers are 
first stabilized at a trauma center during the acute phase of their illness and then 
transferred to a VA SCI center for rehabilitation and chronic care. About 400 newly 
injured veterans and active duty soldiers begin treatment and rehabilitation at SCI centers 
throughout the U.S. every year. In 2005 there were an estimated 44,000 veterans with 
chronic SCI eligible for VA medical care. A full range of care was provided to 22,800 
veterans with SCI in 2004, with ongoing specialty care being required for 12,257 of these 
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veterans. More than 80% of veterans with SCI have suffered trauma, and the rest have 
neurological damage to the spinal cord as a result of medical illnesses. 
Given the importance of cardio-respiratory dysfunction in determining SCI prognosis, the 
first dissertation study investigated longitudinal risk factors for hospitalizations with 
cardiovascular and pulmonary disease(s) among veterans with chronic SCI. We especially 
examined the contribution of chronic respiratory symptoms, pulmonary dysfunction, 
comorbidities (diabetes, heart disease, hypertension), and personal habits (such as 
smoking and alcohol use) to the risk of hospitalization with cardiopulmonary disease(s). 
The findings have implications for heath care practice and health policy regarding the 
recognition and treatment of heart disease, hypertension, chronic respiratory symptoms, 
and pulmonary dysfunction among veterans with chronic SCI. We suggest inferences 
regarding the role of early identification and aggressive treatment of chronic illnesses 
such as hypertension in mitigating the risk of hospitalization with cardiopulmonary 
disease among patients with chronic SCI. 
Initially VA hospitals were not subject to the same fmancial pressures that non-VA 
hospitals faced after the implementation of prospective payment and the rise of 
competition in most U.S. healthcare markets in the 1980s, so the VA system was slower 
in adopting efforts to improve efficiency. In the mid to late 1980s, VA hospitals also 
began increasing incentives for improving efficiency. In the mid-1990s, the VA created 
22 integrated networks of hospitals (VISNs) and community-based outpatient clinics 
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(CBOCs) to shift most care from inpatient to outpatient settings, emphasize preventive 
care, improve use of information technology, and implement managed care strategies 
such as utilization review, performance measurement, and service line management 
(Kizer 1999). The VA then implemented global budgeting policies in 1997 which 
allocated funds to networks on a per capita basis (Kizer 2001). 
As a result of efforts to reduce length of stay (LOS) in response to managed care 
pressures, the average LOS for chronic SCI in non-VA hospitals fell from 144.8 days in 
the 1970s to about 77.5 days in the 1990s (Stover, Hallet al. 1995). In the 1980s, 
although LOS for acute SCI was still much longer in the VA than non-VA hospitals, 
median LOS for chronic SCI differed by only 2 days (Samsa, Landsman et al. 1996). By 
the mid-1990s LOS for ICU admissions was reported to be virtually identical (Kaboli, 
Barnett et al. 2001). Although risk-adjusted LOS for general admissions was still longer 
in VA than in non-VA hospitals, the difference in mean LOS had fallen from 2.9 days in 
1996 to 1.6 days in 1999 (Rosenthal, Kaboli et al. 2003). 
Given the importance of LOS as an index of the efficiency of inpatient healthcare 
delivery (Eastwood, Hagglund et al. 1999) and a proxy of resource consumption (Lave 
and Leinhardt 1976) (Cleary, Greenfield et al. 1991), the second dissertation study 
investigated the factors associated with LOS for any-cause of inpatient stays among 
veterans with chronic SCI during non-VA hospital admissions paid for by Medicare and 
hospitalizations at VA medical centers. Andersen and Davidson's typology of access to 
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healthcare (Andersen and Davidson 1999) recognizes four types of access, namely: 
potential access, realized access, equitable/inequitable access, effective access, and 
efficient access. LOS was investigated, in this dissertation, as a measure of realized 
access to (the actual, and not merely potential, utilization of) inpatient services. 
1.3 Existing Knowledge on Physicians' Attributes and Their Adherence to Evidence-
based Clinical Guidelines 
Previous studies have shown that the mere formulation of medical practice guidelines is 
ineffective in changing physician behavior for the better (Cabana, Rand et al. 1999). The 
emerging consensus is that combining various self-reinforcing interventions (Grol 2001) 
(Bodenheimer, Wagner et al. 2002) (Bodenheimer, Wagner et al. 2002), based on 
multiple theories (Grol and Grimshaw 2003) (Eccles, Grimshaw et al. 2005), is more 
likely than single measures to effectively improve adherence to recommended care. Such 
programs should combine publishing evidence-based guidelines, patient-based care, 
continuing medical education, provider profiling, public reporting of performance, and 
explicit pay-for-performance (P4P) incentives (Grol2001). 
There is evidence of significant differences in attitudes, intentions, and clinical behaviors 
among different categories of physicians (Kravitz, Greenfield et al. 1992) (Eisenberg 
2002) (Bach, Pham et al. 2004). Differences in attitudes explain physician specialty 
choices (Linn and Zeppa 1980). Intemal medicine trainees hold more negative attitudes 
towards managed care than pediatrics or family medicine counterparts (Skootsky, Slavin 
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et al. 1999). Community-based PCPs hold less negative attitudes toward managed care 
than academic faculty physicians (Foulke, Bell et al. 1998). In a mixed-model HMO, 
network physicians were more likely to be opposed to explicit incentives than group 
model physicians (Schectman, Elinsky et al. 1995). Physician practice settings 
(Ubokudom 1998) (Chiyarath 2006), and years in clinical practice (Halm, Causino et al. 
1997) influence their attitudes towards reimbursement strategies. 
Differences in PCP attitudes predict clinical approaches to smoking cessation counseling 
(Meredith, Yano et al. 2005), mammography screening (Gann, Melville et al. 1993) 
(Taylor, Montano et al. 1994), diabetes care (Larme and Pugh 1998), office procedures 
such as flexible sigmoidoscopy (Lewis, Asch et al. 1999), and preventive services to the 
elderly (Pham, Schrag et al. 2005). Depression care by PCPs is more strongly associated 
with provider specialty than with the type of depression or method of reimbursement 
(Williams Jr, Rost et al. 1999). Physician specialty, race, and age more strongly predict 
clinical decisions in depression than patient attributes (McKinlay, Freund et al. 2002). 
Multi-specialty group practice and PCP payment by salary predict lower costs for 
primary care (Meyer, Ladenson et al. 2000). Large practices are more likely to monitor 
quality (Audet, Doty et al. 2005). Prescribing habits are associated with provider 
attributes such as specialty and years since medical school (Mainous, Hueston et al. 
1998) (Tamblyn, McLeod et al. 2003) (Patel, Crismson et al. 2006). Board-certified 
physicians are more likely to provide preventive services (Sharp, Bashook et al. 2002). 
Physician variables explain much of the variation in patients' choice of hospitals (Burns 
9 
and Wholey 1992). These are mostly small, regional studies that do not account for case 
mix or physician clustering (Greenfield, Kaplan et al. 2002), but the importance of 
research on attitudes and clinical behaviors among PCPs of diverse kinds is highlighted 
(Eisenberg 2002). 
Numerous studies have examined the likely characteristics of highly adherent physicians 
in contexts where one or two performance-rewarding measures are implemented. Few 
studies have examined characteristics and attitudes of highly compliant practitioners in 
the context of a multi-faceted intervention combining various mutually-reinforcing 
strategies, including an explicit P4P incentive with a punitive fmancial withhold for non-
adherers. The third dissertation study seeks to address this apparent gap in the medical 
literature. 
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CHAPTER 2: PREDICTORS OF CARDIOPULMONARY HOSPITALIZATION 
IN CHRONIC SPINAL CORD INJURY 
ABSTRACT. 
Objective: We investigated longitudinal risk factors of hospitalization for circulatory and 
pulmonary diseases among veterans with chronic spinal cord injury (SCI) . Circulatory 
and respiratory system illnesses are leading causes of death in chronic SCI patients, yet 
risk factors for related hospitalizations have not been characterized. 
Design: Prospective cohort study. 
Setting: Veterans Affairs (VA) Boston Healthcare System, Boston, Massachusetts. 
Participants/Data Sources: 309 veterans greater than or equal to 1 year post-SCI from 
the VA-Boston Chronic SCI cohort who completed a health questionnaire and underwent 
spirometry at study entry. Baseline data was linked to 1996 through 2003 hospitalization 
records from the VA National Patient Care Database. 
Interventions: Not applicable. 
Main Outcome Measures: Cardiopulmonary hospital admissions, the predictors of 
which were assessed by Multivariate Cox regression. 
Results: Of 1,478 admissions observed, 143 were due to cardiopulmonary (77 circulatory 
and 66 respiratory) illnesses. Independent predictors were greater age (3% increase/year), 
hypertension, and if in the lowest body mass index quintile ( <22.4kg/m2). A greater 
percentage-predicted forced expiratory volume in 1 second was associated with reduced 
risk. SCI level and completeness of injury was not statistically significant after adjusting 
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for these risk factors . 
Conclusions: Cardiopulmonary hospitalization risk in persons with chronic SCI is related 
to greater age and medical factors that, if recognized, may result in strategies for reducing 
future hospitalizations. 
Key Words: Cardiopulmonary; Circulatory; Hospitalization; Proportional hazards 
models; Respiratory; Spinal cord injuries. 
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The annual incidence of SCI in the United States is an estimated 40 cases per 
million population or 11,000 new cases a year, and there are approximately 253,000 
Americans living with chronic SCI (National SCI Center 2006). Following rehabilitation, 
persons with SCI return to the community. Despite improvements in medical care, 
persons with chronic SCI require frequent hospitalization (Savic, G, Short, D, 
Weitzenkamp, D et al. 2000; Dryden, D, Saunders, L, Rowe, Bet al. 2004). As compared 
to the development of a medical condition, hospitalization is a widely accepted measure 
of morbidity associated with a specific illness. Annual hospitalization rates of 25% to 
40% were previously reported at 10 to 15 years post-injury in Department ofVA 
hospitals in the 1970's and 1980's (Samsa, G, Landsman, P and Hamilton, B 1996). 
Annual hospitalization rates for SCI patients in non-VA systems are less certain due to 
incomplete data, but were approximately 25% among persons 5 to 20 years after injury in 
U.S. SCI Model Systems hospitals (Cardenas, D D, Hoffman, J M, Kirshblum, S et al. 
2004). Despite the high rates of hospitalization, there has been little research conducted 
assessing risk factors for specific causes of hospitalization in this population. Circulatory 
and respiratory system illnesses are leading causes of death in persons with SCI (Samsa, 
G, Landsman, Petal. 1996; Garshick, E, Kelley, A, Cohen, Setal. 2005), but risk factors 
for hospitalizations related to these illnesses have not been described. 
Since 1994, as part of the VA Boston SCI Cohort Study, we have regularly assessed 
the health of a cohort of persons with chronic SCI (Jain, N B, Brown, R, Tun, C G et al. 
2006). Comprehensive data on personal characteristics, including respiratory health and 
comorbid illness were collected by questionnaire, spirometry was obtained, and a 
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neurologic exam at study entry was conducted. Previous studies of hospitalization risk 
have relied only on administrative data and have lacked information on personal risk 
factors. In this report, we link baseline personal and clinical information on the study 
cohort with hospitalization records to assess prospective risk factors for circulatory and 
respiratory system related hospitalizations at VA Medical Centers. Our findings suggest 
ways of reducing these admissions so as to decrease health service utilization as well as 
disruptions to community reintegration and functional independence arising from 
frequent hospital stays. 
METHODS 
Study Population 
Between October 1994 and December 2002, as part of a longitudinal health study 
conducted at VA Boston, we enrolled 328 veterans with SCI who had received treatment 
at VA Boston. Persons who had other neurologic conditions or who had recovered from 
the SCI were ineligible. Because the study was designed to assess pulmonary function in 
chronic SCI, persons with a tracheostomy or requiring mechanical ventilation were also 
excluded. As pulmonary function steadily improves in the first year following acute 
injury participants were recruited at 1 or more years post SCI. Recruitment and baseline 
assessment methodology have been previously presented (Jain, N B, Brown, Ret al. 
2006). Of the 328 enrollees, 3 died before October 1, 1996, 8 had recovered or did not 
undergo examination, 2 had no data on all baseline variables, and 6 did not complete 
pulmonary function testing. We included 309 veterans (94%) with complete data on key 
20 
variables. Approval was granted by our Institutional Review Boards and informed 
consent obtained. 
Hospitalization and Service Eligibility Data 
Hospitalization in an acute care VA medical center was determined using VA 
electronic databases from October 1, 1996 through December 31, 2003 to allow at least 1 
year of follow-up. It was not possible to include hospitalization data before October 1996 
due to non-uniform reporting standards. We extracted hospitalization data from the VA 
National Patient Care Database located in Austin, Texas. Each medical record includes an 
admitting diagnosis, up to 9 secondary diagnoses, and a LOS Dx the condition 
responsible for the length of hospital stay. Diagnosis codes follow the clinically modified 
ninth edition of the ICD-9-CM. Information regarding eligibility for VA benefits 
(Department of Veterans Affairs 2008)8 and Medicare was extracted from VA records in 
2006. Given chronic disability, it was assumed that the entitlement status of participants 
remained stable. 
Main Outcome 
Starting in October 1, 1996, we calculated the number of days to hospital 
admission for any cause and from discharge to the next admission. Outcomes based on 
primary admitting Dx were circulatory (I CD 390-459) or respiratory system (lCD 460-
519) admissions (defined here as cardiopulmonary). There was little difference between 
primary admitting Dx and LOS Dx with 96% concordance overall when considered in 
ICD-9 categories, and 87% concordance for cardiopulmonary hospitalization. 
Admissions for other causes were considered censored events. The hospital discharge 
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summaries from a random sample of cardiopulmonary admissions (30%) were reviewed 
and primary admitting Dx validated in 97%. 
Predictors 
Factors considered at study entry included sociodemographics, comorbid 
illnesses, respiratory symptoms, personal behaviors, measures of pulmonary function, 
and BMI (Table 1). Age and injury duration were updated at the start of each observation 
period (i.e. , at the end of each hospitalization). Based on the American Thoracic Society 
adult respiratory questionnaire (Jain, N B, Brown, Ret al. 2006), chronic cough was 
defmed as cough occurring on most days for greater than or equal to 3 consecutive months 
of the year and chronic phlegm was described similarly. Any wheeze was defmed as 
wheezing with a cold, or occasionally apart from colds, or wheezing on most days or nights. 
Persistent wheeze was wheezing on most days or nights, or with a cold and occasionally 
apart from colds. Pneumonia was defined as a history of pneumonia since hospital 
discharge after SCI. Heart disease was defined as any heart condition requiring treatment in 
the past 10 years. Participants were asked if a physician had ever diagnosed asthma, 
emphysema or chronic bronchitis, diabetes, or hypertension. COPD included 
emphysema or chronic bronchitis. Self-reports of these illnesses were previously 
validated by examining their electronic medical records (Garshick, E, Kelley, A et al. 
2005). 
Smoking intensity and duration and beverage-specific alcoholic consumption 
were reported. Smokers had smoked greater than or equal to 20 cigarette packs in a 
lifetime or greater than or equal to 1 cigarette a day for greater than or equal to 1 year. 
22 
Current smokers reported cigarette use within 1 month of testing. Quantity of wine, beer, 
or liquor consumed was expressed as grams of alcohol (Garshick, E, Segal, M R, 
Worobec, T Get al. 1989). Participants were weighed using a wheelchair scale 
(subtracting wheelchair weight if required) and transferred to a thin mat where supine 
length (stature) was measured. If measurement was declined or there were joint 
contractures that precluded accurate assessment (n=66 [21.4%]) self-reported height was 
used. Weight was measured in 280 (90.6%) study participants, obtained from self report 
in 24 (7 .8%) and from the medical record of a recent clinic visit in 5 (1.6% ). Height 
(stature) and weight were used to compute the BMI, which was classified into 
underweight (BMI <18. 5) normal weight (BMI 2: 18.5 - <25), overweight (BMI ~ 25 -
<30), and obese (BMI ~ 30kg/m2) and was also considered in quintiles. Spirometry was 
based on American Thoracic Society standards modified for use in SCI as described 
previously (Kelley, A, Garshick, E, Gross, E Ret al. 2003). The best FEV 1 and PVC 
were reported, and 93% of the cohort had at least 3 acceptable expiratory efforts with the 
best FEV 1 and FV C within 200ml. Predicted FEV 1 and FV C were calculated using 
Hankinson' s equations as we previously described (Jain, N B, Brown, Ret al. 2006). We 
assessed SCI severity/level by the ASIA criteria as previously described. Motor 
incomplete SCI included ASIA C (most key muscles below the neurologic level grade 
<3/5) or ASIA D (most muscles grade 2:3/5). SCI severity/level was grouped into severe 
quadriplegia (cervical motor complete and cervical grade C); severe paraplegia (other 
thoracic or lower motor complete and grade C); and others (all ASIA grade D). 
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Statistical Analysis 
Proportional hazards methods for repeated outcomes (TPHREG procedure in SAS 
software version 9.1 a) were used. Secular trends were tested by analyzing calendar year 
effect in a time dependent manner. Proportional hazards assumption was examined using 
survival plots and testing the interaction between covariates and the time variable, and 
confrrmed that modeling was appropriate. 
RESULTS 
Descriptive Characteristics 
Participants with cardiopulmonary admissions were more likely to be older, have 
a lower BMI, a history of pneumonia following SCI, hypertension, heart disease, chronic 
respiratory symptoms, reduced lung function, and have a greater mortality (35%) 
compared to persons without cardiopulmonary admissions (15%, P <0.001) (see table 1). 
Total time at risk was 1,619 person-years, or an average of 5.24 person-years per 
participant and 17% of all hospitalizations occurred less than or equal to 30 days after a 
prior admission. There were 1,478 all-cause hospitalizations among 251 participants for 
an admission rate of0.91 a person-year, and 143 cardiopulmonary hospitalizations 
among 75 persons for a rate of 0.09 a person-year. There were 77 admissions for 
circulatory system diseases (5.2%), and 66 admissions for respiratory system diseases 
(4.5%). The median (q1, q3) hospital stay for cardiopulmonary admissions was 9 (4, 19) 
days, and 5 (2, 15) days for non-cardiopulmonary admissions. 
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Univariate Models 
Predictors of cardiopulmonary admissions were assessed with and without 
adjustment for age and hospital readmission within 30 days (Table 2). Adjusted for age 
and hospital readmission, persons with severe quadriplegia had a risk of cardiopulmonary 
hospitalization that was of borderline significance (P=0 .06; HR =1.89 [95%CI=0.99-
3.63]) compared to persons with ASIA D SCI, and for persons with severe paraplegia the 
risk was not significantly elevated (P=0.17; HR=1.60 [95%CI=0.82-3.14]). VA service 
connected disability at greater than or equal to 50%, if in the lowest BMI quintile 
(compared to other quintiles ), and each chronic respiratory symptom, pneumonia, and 
hypertension were risk factors for cardiopulmonary admission, while persons with greater 
pulmonary function were significantly less likely to be admitted. Adjusting for age and 
hospital readmission, current smokers were significantly more likely to be admitted for 
cardiopulmonary causes, and persons enrolled in Medicare were less likely to be 
admitted. Wheelchair use, lifetime alcohol consumption or alcohol consumption in the 
year before study entry, history of diabetes, asthma, COPD, employment status, 
educational or marital status, and calendar year of admission were not significant risk 
factors. 
Multivariable Model 
In a multivariate model, significant predictors of cardiopulmonary hospitalization 
risk were greater age (3% increase a year), a history of hypertension, and BMI in the 
lowest quintile ( <22.4kg/m2), whereas a greater percentage-predicted FEV 1 was 
associated with reduced risk (3% reduction/percentage-predicted FEV 1) (Table 3A). 
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When SCI level was added to this model, there was no significant increase in hazard 
among persons with cervical motor complete and ASIA C SCI (P=O.l4; HR=1.62; 
95%CI=0.85-3.10) nor among those with thoracic or lower motor complete and ASIA C 
SCI (P=0.36; HR=1.32; 95%CI=0.73-2.39) compared to ASIA D SCI. The reduced risk 
attributable to greater pulmonary function was similar when FVC was included. Separate 
models of circulatory and respiratory system hospitalizations were also considered. The 
predictors for circulatory and respiratory system hospitalizations considered separately 
were similar. The only exception was the greater effect of hypertension on respiratory 
admissions (HR=2.69; 95%CI=1.47-4.90) in contrast to the effect of hypertension on 
circulatory admission risk (HR=1.18; 95%CI=0.73-1.90). The effects of age, 
hypertension, percentage-predicted FEV 1, or if in the lowest BMI quintile on 
cardiopulmonary admission risk were similar and remained significant whether or not 
VA service connected disability greater than or equal to 50% (P=0 .06; HR=1.52, 
95%CI=0.98-2.38) or Medicare enrollment (P=0.04 ; HR=0.60, 95%CI=0.37-0.97) were 
added to the final regression model. 
Respiratory Symptoms and Pneumonia 
When added separately (Table 3B) to the multivariate model, any wheeze, 
persistent wheeze and cigarette smoking, were not significant predictors of circulatory, 
respiratory, or cardiopulmonary hospitalization. Chronic cough and chronic phlegm were 
stronger predictors of respiratory than circulatory hospitalizations but were not 
statistically significant in either model, and overall were of borderline significance in 
models including all cardiopulmonary hospitalizations. Effects of respiratory symptoms 
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and of pneumonia were greater when measures of pulmonary function (FEV 1 percentage-
predicted) were excluded from the multivariate models, particularly for respiratory 
admissions (table 3C). 
Heart Disease 
When added to the multivariate model, a history of heart disease was a significant 
predictor of hospitalization for circulatory system causes, but not of respiratory diseases 
(Table 4). Hypertension remained a stronger predictor of respiratory admissions than of 
circulatory system diseases. 
DISCUSSION 
Our study is important because persons with SCI have very high hospitalization 
rates, and our study is the fust to assess risk factors for cardiopulmonary hospital 
admissions prospectively using merged administrative and baseline assessment data. Our 
results demonstrate that cardiopulmonary admissions in SCI are strongly related to 
modifiable risk factors as in the able bodied population and includes factors that are not 
unique to SCI. Pulmonary dysfunction is a common outcome of respiratory muscle 
paralysis, and both respiratory and cardiovascular diseases have previously been 
identified6 as leading causes of death in chronic SCI. Circulatory and respiratory system 
illnesses frequently present with similar symptoms and signs, and mortality risk factors 
often double as determinants of hospitalization (Hanlon, P, Walsh, D, Whyte, Bet al. 
2000), providing the basis for jointly examining risk factors for cardiopulmonary 
hospitalizations. We expected to find that persons with a greater degree of neurologic 
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impairment would have a significantly greater risk of hospital admissions for 
cardiopulmonary disease because these persons are likely to have greater degrees of 
respiratory impairment (Jain, N B, Brown, Ret al. 2006) and potentially have more 
cardiovascular disease risk factors such as a greater BMI. However, persons with cervical 
motor complete and ASIA C SCI (severe quadriplegia) had a risk of cardiopulmonary 
hospitalization that was of borderline significance after adjusting for age and 
readmission, and the risk was reduced further after accounting for other risk factors in a 
multivariate model. In this multivariate model, the risk for cardiopulmonary 
hospitalization was greater with increasing age, a history of hypertension, BMI in the 
lowest quintile, and with lower pulmonary function, adjusting for rehospitalization within 
less than or equal to 30 days. Although there were some differences when circulatory and 
respiratory system admissions were considered separately, overall risk models were 
similar, and we were able to increase the power ofthe study and the precision of the risk 
estimates by considering both causes together. 
Rather than restrict ourselves merely to investigating risk factors for the 
development of cardiopulmonary disease, we studied predictors of hospitalization 
because it is a more broadly acceptable measure of attributable morbidity. Frequent or 
avoidable admissions are costly to the health care system and disruptive to the 
rehabilitating patient's functional independence and community reintegration. 
Understanding the causes of hospitalization provides insight into the potential for its 
reduction. Our selection of predictor variables was based on a conceptual model of 
healthcare utilization suggested by Andersen and coworkers (Andersen, Rand Newman, 
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J F 1973; Andersen, R M 1995) and on known relationships between these variables and 
cardiopulmonary diseases. Cardiopulmonary hospitalization may occur for a variety of 
risk factors both related and unrelated to the specific development of cardiopulmonary 
diseases. The Andersen model (Andersen, Rand Newman, J F 1973; Andersen, R M 
1995) considers determinants ofhealth service utilization to include various predisposing 
and enabling factors unrelated to a specific medical condition as well as medical reasons 
for admission. In older adults, medical conditions have been found to be an important 
determinant of utilization (McCusker, J, Karp, I, Cardin, Setal. 2003), and risk factors 
for the development of cardiopulmonary disease may also serve as risk factors for 
worsening of the disease leading to hospital admission. In this cohort we were able to 
consider specific medical conditions and personal risk factors related to cardiopulmonary 
disease as well as pulmonary function and respiratory symptoms. Predisposing factors 
include various socio-demographic characteristics and enabling factors relate to the 
logistical aspects of obtaining care including access to healthcare, income, and health 
insurance status. In this study all participants were eligible for VA care, but there was 
variation in priority and access based on service-connected status and Medicare 
enrollment. 
Findings regarding SCI level and completeness of injury have been mixed in 
previous studies, and individuals with tetraplegia are reported to have a greater risk when 
assessed within 10 years since injury (Cull, J G and Smith, 0 H 1973; Young, J and 
Northup, N 1980; Meyers, A R, Feltin, M, Master, R Jet al. 1985; Davidoff, G, Schultz, J 
S, Lieb, T et al. 1990; Ivie III, C and DeVivo, M 1994; Samsa, G, Landsman, Petal. 
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1996; Middleton, J W, Lim, K, Taylor, Let al. 2004). In contrast, our study included 
many persons assessed 1 0 or more years since injury when factors related to secondary 
medical conditions were important but SCI level and completeness of injury was not. All-
cause hospitalization rate in our study (0.91 I person-year) was also higher than in the 
Model Systems (0.38 I person-year) 20 years post-SCI (Cardenas, D D, Hoffman, J Met 
al. 2004) and greater than that previously reported in VA hospitals in the 1970's and 
1980's (0.55 a person-year) (Samsa, G, Landsman, Petal. 1996). The causes of 
hospitalization, by organ system, in our study resembled those of Middleton et al 
(Middleton, J W, Lim, K et al. 2004) who found that 4.5% of readmissions were due to 
respiratory illness and 4.8% due to cardiovascular diseases among younger (mean 
age=37.8±17.4y), predominantly (78%) Australian men with SCI. A previous study from 
the SCI Model System only examined 1-year risk for admission for any cause (I vie III, C 
and DeVivo, M 1994). There was a lesser risk associated with greater education, 
functional independence, and ability to ambulate independently. 
Our results suggest that cardiopulmonary admission risk was greater if the 
participant had a VA service connected disability of greater than or equal to 50% and was 
less likely if a participant was emolled in Medicare. Veterans with service-connected 
disabilities rated by VA greater than or equal to 50% belong to the highest priority group8 
and are most eligible for hospitalization benefits (Greenberg, G A and Rosenheck, R A 
2007). These results indicate that although all persons with SCI in this cohort are veterans 
who were recruited at VA Boston and eligible for care, including hospitalization, the 
extent they are hospitalized for cardiopulmonary diseases in VA medical centers varied 
30 
based on whether they had a VA service connected disability greater than or equal to 
50% and had Medicare benefits. However, adjustment for these factors did not change 
the contribution of the risk factors identified in our multivariate model, and further 
suggest that our results are generalizable to persons with SCI hospitalized elsewhere 
regardless of the degree of VA service disability or Medicare enrollment. Previous 
studies in persons with SCI suggest that social factors such as education (I vie III, C and 
DeVivo, M 1994) are significant predictors, but our results highlight personal and 
medical variables as more important risk factors than most sociodemographics. 
We assessed motorized and hand propelled wheelchair use compared to others 
who walk as a risk factor for cardiopulmonary admission because persons who use these 
locomotive modes are likely to be less active compared to persons who walk. The 
activity level hypothesis in the literature suggests that hospitalization rates among 
persons with SCI are lower among persons with greater degrees of functional 
independence (Meyers, A, Branch, L, Cupples, Let al. 1989; lvie III, C and DeVivo, M 
1994). Immobility is a risk factor for pressure ulcers, and unemployed persons with SCI 
are reported to be at greatest risk for hospitalization partly because of a greater risk of 
developing pressure sores (I vie III, C and DeVivo, M 1994). We found no evidence for 
the activity level theory in this study, because employment status and mode of 
locomotion were not significant risk factors. 
A greater level of pulmonary function was a significant protective factor against 
cardiopulmonary hospitalization in this study. This is consistent with observations in the 
able bodied that reduced pulmonary function is a risk factor for respiratory, 
31 
cardiovascular, and all-cause mortality (Mannino, D M, Ford, E Sand Redd, S C 2003). 
In our SCI cohort, previous analysis of deaths up to the year 2000 showed that greater 
levels of FEY 1 was also a protective factor for mortality (Garshick, E, Kelley, A et al. 
2005). Although respiratory symptoms were associated with pulmonary and overall 
cardiopulmonary hospitalization risk, with FEY 1 included in the model, the effects of 
respiratory symptoms and previous pneumonia were reduced. Although respiratory 
symptoms have been related to cardiovascular and pulmonary mortality in the general 
population independent of lung function (Knuiman, M W, James, A L, Divitini, M L et 
al. 1999), and for any cause hospitalization independent of lung function in the general 
population (Vestbo, J and Rasmussen, F Y 1989), our data suggest that the assessment of 
pulmonary function in SCI is more important. 
Reduced pulmonary function is a well described independent risk factor for 
cardiovascular mortality (Sin, D D, Wu, L and Man, S 2005), and a lower FEY 1 may 
increase a person' s vulnerability to a cardiac or pulmonary illness. However, reduced 
pulmonary function is associated with greater values of circulating markers of systemic 
inflammation (C-reactive protein) in the able-bodied (Mannino, D M, Ford, E Setal. 
2003), and therefore may also be a marker for greater cardiovascular disease risk on this 
basis. 
Not surprisingly, we found that a history of heart disease was a significant 
predictor of circulatory disease admissions. We unexpectedly found a history of 
hypertension to be a strong predictor of hospitalization with respiratory illness. An 
independent association between hypertension and Chlamydia pneumoniae infection has 
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been suggested in some studies (Blanc, P, Corsi, AM, Gabbuti, A et al. 2004). Among 
the elderly population, hypertension has also been associated with reduced pulmonary 
function (Enright, P L, Kronmal, R A, Smith, V E et al. 1995). We know of no prior 
report of hypertension as an independent risk factor for respiratory illness in chronic SCI 
(Frisbie, J H 2005). 
Although SCI is characterized by an increase in BMI and increase in adiposity, 
persons in the lowest BMI quintile at study entry had a significantly increased risk of 
cardiopulmonary hospitalization than persons with a greater BMI. We found that this 
increased risk was limited to those persons who had BMI near the lower normal range or 
who were underweight, and including persons who were only underweight provided 
similar results. Persons who were obese or overweight did not have an increased risk of 
cardiopulmonary hospitalization. Such an obesity risk factor paradox is also reported for 
morbidity and mortality outcomes in illnesses that may be associated with cachexia 
(Kalantar-Zadeh, K, Kilpatrick, R, Kuwae, Net al. 2005) including heart failure 
(Fonarow, G C, Srikanthan, P, Costanzo, M Ret al. 2007), end-stage renal disease 
(Kopple, J D 2005), malignancies (Chang, A, Barrett-Connor, E and Edelstein, S 1995), 
and AIDS (Kotler, D P, Tierney, A R, Wang, Jet al. 1989). The cause of a greater 
cardiopulmonary hospitalization risk in persons with the lowest BMI in chronic SCI is 
uncertain, particularly because BMI was assessed at study entry often years before 
hospital admission. 
Strengths and Limitations 
A strength of this report is its prospective design and the identification of factors 
33 
at study entry that were not considered in previous studies assessing hospitalization risk 
in chronic SCI. Although history of heart disease and hypertension were based on self-
report, we previously validated the accuracy of self-reports of heart disease in 93% and 
those of hypertension in 80% of our cohort, which were concordant with clinical 
diagnoses in electronic charts (Garshick, E, Kelley, A et al. 2005). Another limitation is 
that data on hospitalizations outside VA medical centers was not available, and that non-
veterans were not included. As noted previously, adjustment for degree of VA service 
connected disability and Medicare emollment did not change the results, suggesting that 
their relevance is not restricted to veterans with SCI. Employment status and locomotive 
mode might not accurately reflect the full spectrum of activity level and it is possible that 
variables assessed at baseline changed over time. Random misclassification in baseline 
variables would decrease our ability to detect an effect on hospitalization risk, and a 
decrease in FEV 1 over time as compared to the baseline or further reduction in BMI 
could lead to underestimation of their true effect on hospitalization. We also 
acknowledge that BMI underestimates true adiposity in SCI, and it was not possible to 
measure stature and weight in all participants. Although our results indicate that the 
factors included in the final multivariate model are stronger predictors of 
cardiopulmonary admission than level and completeness of injury, it is possible that in a 
larger sample, a small residual effect of SCI level and completeness could be detected. 
When added to the fmal model, the hazard ratio for the effects of level and completeness 
of SCI decreased and its significance decreased, yet its point estimate remained positive. 
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Implications 
Our findings have long term implications for the medical care and follow-up of 
persons with chronic spinal cord injury, particularly as survival following SCI increases 
and medical conditions umelated to the original injury occur. Previous studies have 
focused primarily on assessing hospitalization risk based on SCI level and completeness 
of injury, but our study suggests that cardiopulmonary admissions in chronic SCI are 
more strongly related to potentially modifiable risk factors. In addition, the strongest risk 
factors identified in our study are not unique to chronic SCI, but are conditions 
commonly addressed in the care ofthe able-bodied. In addition to SCI-related conditions 
that are more commonly addressed, we suggest that generalist and specialist physicians 
caring for these patients direct increased efforts at prevention of secondary medical 
conditions. The training of SCI specialized physicians might need to re-emphasize skills 
in managing chronic medical illnesses that have, until now, been viewed as necessary 
mostly for family physicians and general internists. Early identification and aggressive 
treatment of hypertension, heart disease, excessive weight loss and reduced pulmonary 
function among persons with SCI might reduce circulatory and respiratory system related 
hospitalizations. 
CONCLUSIONS 
In a multivariate model, independent predictors of cardiopulmonary 
hospitalization risk were greater age (3% increase a year), a history of hypertension, 
being in the lowest BMI quintile (<22.4kg/m2), and lower pulmonary function (3% 
35 
increase/unit decrease in percentage-predicted FEV 1). Cardiopulmonary hospitalization 
risk in chronic SCI was more significantly associated with modifiable factors than with 
SCI level and severity at an average of 20 years post injury. 
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Table 1: Baseline Characteristics of Veterans with Chronic Spinal Cord Injury 
Cardiopulmonary No Cardiopulmonary Total 
Variables Admission Admission [N=309] 
[N=75] [N=234l 
n (%)Died 1996-2003 26 (35%) 36 (15%) 62 (20%) 
Sociodemographics 
Age (Mean± SD) years 60.1± 13.2 52.4±14.0 54.3±14.2 
Men% 100.0 98.3 98.7 
White% 96.0 94.0 94.5 
Married% 61.3 47.4 50.8 
Employed or student % 17.3 26.5 24.3 
Educated beyond high school % 48.0 58.6 56.0 
Enrolled in Medicare % 25 .3 31.6 30.1 
5 0-1 00% VA service eligibility % 41.3 39.7 40.1 
Health behaviors 
BMI (mean± SD) kg/m 2 25.9±5.0 27.3±5.4 27.0±5.3 
%underweight (<18.5) 5.3 2.6 3.2 
%normal (~ 18.5 - <25) 38.7 32.1 33 .7 
% overweight (~25 - < 30) 33.3 38.5 37.2 
%obese (~30) 22.7 26.9 25.9 
Smoking status (%) 
Never smoked 25.3 27.8 27.2 
Ex-smoker 50.7 42.7 44.7 
Current smoker 24.0 29.5 28 .1 
Alcohol use(%) 85.3 90.2 89.0 
Alcohol (kg) consumed in preceding 2.23±5.49 4.88±9.20 4.24±6.95 
year 257 (69, 840) 223 (63, 578) 224 (64, 647) 
Lifetime alcohol consumption (kg-y*) 
Injury characteristics 
Severity/level(%) 
Cervical motor complete and ASIA C 40.0 24 .3 28.2 
Thoracic motor complete and ASIA C 42.7 43 .2 43.0 
ALL AsiaD 17.3 32.5 28 .8 
Duration of SCI (mean± SD) years 27.6±15.2 18.3±13.1 20.0±13.9 
Traumatic (%) 89.3 89.3 89.3 
Locomotive mode >50% of time(%) 
Motorized wheelchair 21.3 15.4 16.8 
Hand-propelled wheelchair 65 .3 57.3 59.2 
Walks with or without aid 13.3 27.4 24.0 
Respiratory sym ptoms(%) 
Any wheeze 52.0 50.0 50.5 
Persistent wheeze 25.3 20.9 22.0 
Chronic phlegm 24.0 23.5 23.6 
Chronic cough 26 .7 18.0 20.1 
Dyspnea 14.7 9.0 10.4 
Pulmonary function (mean± SD) 
FVC-% predicted 68 .0 ± 18.5 78.1 ± 17.5 75.7 ± 18.3 
FEV1-% predicted 67.2 ± 19.7 78.0 ± 18.4 75.4 ± 19.3 
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Comorbid illnesses(%) 
COPD 10.7 9.0 9.4 
Asthma 5.3 9.4 8.4 
Pneumonia 26.7 17.1 19.4 
Hypertension 44.0 29.9 33.3 
Diabetes mellitus 12.0 15.0 14.2 
Heart disease 16.0 10.7 12.0 
* 1 kilogram-year = 1 \12 beers or 1% wme glasses or 11;4 shots of hquor per week for a year. 
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Table 2: Hazard Ratios for Cardiopulmonary Hospitalization* 
Variable Unadjusted (95% CI) Adjustedt (95% CI) 
Age 1.03* (1.01-1.06) 1.03 * (1.00-1.05) 
Married 1.39 (0.77-2.52) 1.02 (0.65-1.62) 
Currently employed or student 0.66 (0.36-1.22) 1.04 (0.51-2.11) 
Education level: beyond high school 0.85 (0.49-1.47) 0.85 (0.52-1.37) 
Enrolled in Medicare 0.67 (0.37-1.21) 0.58* (0.35-0.94) 
VA service eligibility: ~so% service connected 1.77* (1.06-2.96) 1.72* (1.10-2.67) 
Calendar year 
2002-2003 1.48 (0.77-2.82) 0.99 (0.52-1.90) 
2000-2001 0.95 (0.55-1.65) 0.75 (0.43-1.31) 
1998-1999 1.47 (0.88-2.47) 1.18 (0.73-1.91) 
1996-1997 1.00 1.00 
Body mass index 
Lowest BMI quintile (BMI <22.43kg/m2) 2.21* (1.17-4.18) 2.23* (1.32-3.77) 
Quintiles 2-5 1.0 1.0 
Cigarette smoking 
Cigarette smoker category 
Current smoker 1.39 (0.63-3.04) 1.92* (1.04-3.56) 
Ex-smoker 1.48 (0 .83-2.65) 1.42 (0.86-2.36) 
Never smoker 1.0 1.0 
Alcohol consumption 
Alcohol (kg) consumed in preceding year 0.98 (0.95-1.02) 0.99 (0.97-1.01) 
Lifetime alcohol consumption (kg-yrst) 1.00 ( 1.00-1.00) 1.00 (1.00-1.00) 
SCI level/severity 
Cervical motor complete and ASIA C 1.88 (0.96-3.69) 1.89 (0.99-3.63) 
Thoracic motor complete and ASIA C 1.69 (0.81-3.54) 1.60 (0.82-3.14) 
All ASIA D 1.0 1.0 
Duration of SCI 1.04* (1.02-1.05) 1.02* (1.01-1.04) 
Locomotive mode >50% of time 
Motorized wheelchair 1.37 (0.59-3.14) 1.33 (0.59-2.99) 
Hand-propelled wheelchair 1.79 (0.85-3.79) 1.63 (0 .80-3.30) 
Walks with or without aid 1.00 1.00 
Respiratory symptoms 
Any wheeze 1.40 (0.83-2.39) 1.55* (1.01-2.39) 
Persistent wheeze 2.20* (1.17-4.15) 1.84* (1.04-3.25) 
Chronic cough 2.44* (1.34-4.43) 2.17* (1.31-3.60) 
Chronic phlegm 2.10* (1.14-3.87) 1.76* (1.00-3.08) 
Pulmonary function 
FEV1-% predicted 0.97* (0.95-0.99) 0.97* (0.96-0.99) 
FVC-% predicted 0.97* (0.96-0.99) 0.97* (0.96-0.98) 
Comorbid illnesses 
COPD 0.66 (0.34-1.28) 0.62 (0.35-1.12) 
Asthma 1.15 (0.35-3.81) 1.23 (0.48-3.15) 
Pneumonia 2.22* (1.14-4.30) 1.94* (1.09-3.47) 
Hypertension 2.17* (1.27-3.72) 1.86* (1.08-3.20) 
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Diabetes 
Heart disease 
* Represent statistical significance (i.e., P<0.05). 
t Adjusted for age, and readmission in :S30 days. 
0.98 (0.47-2.05) 
2.19* (1.14-4.20) 
t 1 kilogram-year equals 1 ~ beers or 1% wine glasses or 1\14 shots of liquor per week for a year. 
Table 3: Multivariable Models* of Cardiopulmonary Hospitalizationst 
Cardiopulmonary 
Model HR (95%CI) 
(n=143) 
A. Multivariate model 
Age 1.03t (1.01-1.05) 
Hypertension 1.74t (1.12-2.75) 
FEV1-% predicted 0.97t (0.96-0 .98) 
Lowest BMI quintile 1.79t (1.19-2.68) 
B. Each variable added: 
Any wheeze 1.02 (0.70-1.49) 
Persistent wheeze 1.08 (0.71-1.65) 
Chronic phlegm 1.48 (0.93-2.38) 
Chronic cough 1.54t (1.02-2.33) 
Pneumonia 1.53 (0.99- 2.38) 
C. Each variable added in 
place ofFEV1: 
Any wheeze 1.28 (0.85-1.93) 
Persistent wheeze 1.44 (0.91-2.30) 
Chronic phlegm 1.62 (0.99-2.66) 
Chronic cough 1.70t (1.09-2.65) 
Pneumonia 1.89t (1.18-3.0 1) 
* Adjusted for any-cause readm1sswn w1thm :S30 days. 
t Represent statistical significance (i.e. , P<0.05). 
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Circulatory System 
HR (95% CI) 
(n=77) 
1.o5t (1.03-1.07) 
1.18 (0.73-1.90) 
0.99 (0.98-1.00) 
1.46 (0.83-2.54) 
1.01 (0.63-1.64) 
0.86 (0.50-1.49) 
1.07 (0.62-1.84) 
1.23 (0.76-1.99) 
1.25 (0.69-2.28) 
1.12 (0.69-1.83) 
0.98 (0.57-1.67) 
1.10 (0.64-1.90) 
1.28 (0. 78-2.1 0) 
1.31 (0.73-2.33) 
Respiratory 
System 
HR (95% CI) 
(n=66) 
1.01 (1.00-1.03) 
2.69t (1.47-4.90) 
0.96t (0.94-0.97) 
1.99t (1.13-3.51) 
1.13 (0.62-2.06) 
1.32 (0. 70-2.49) 
1.88 (0.94-3.73) 
1.91 (0.98-3.72) 
1.52 (0.89-2.61) 
1.59 (0.83-3.04) 
2.07t (1.10-3.91) 
2.24t (1.15-4.37) 
2.23 t (1.14-4.36) 
2.47t (1.37-4.47) 
Table 4: Assessment of Effects of Heart Disease on Cardiopulmonary Hospitalizations*t 
Model Cardiopulmonary HR 
(95%CI) 
_{n=143l 
Age 1.03t (1.01-1.05) 
Hypertension 1.66t (1.04-2.65) 
FEV1-%predicted 0.97t (0.96-0.98) 
Lowest BMI quintile 1.77t (1.19-2 .62) 
Heart disease 1.40 (0.84-2.32) 
Heart disease 
(excluding hypertension) 1.66t (1.00-2.74) 
~ Adjusted for any-cause readmiSSion w1thm :::;30 days. 
t Represent statistical significance (i.e., P< 0.05) 
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Circulatory HR Respiratory 
(95%CI) HR (95%CI) 
(n=77) (n=66) 
1.05t (1.03-1.07) 1.01 (0.99-1.03) 
1.03 (0 .64-1.66) 2.7ot (1.47-4 .94) 
0.99t (0.98-1.00) 0.96t (0.94-1 .00) 
1.42 (0.85-2.38) 1.99t (1.13-3.52) 
1.92t (1.13-3.24) 0.97 (0.38-2.51) 
1.9t3(1.14-3.27) 1.35 (0.53-3.47) 
CHAPTER 3: CHRONIC SPINAL CORD INJURY AND LENGTH OF STAY AT 
VETERANS AFFAIRS HOSPITALS AND MEDICARE FACILITIES 
ABSTRACT 
BACKGROUND: Length of stay (LOS) is a proxy for the efficiency and appropriateness 
of hospital services utilization. It is unclear whether the progressive reduction in LOS 
disparities between Veterans Affairs (VA) and Medicare hospitalizations observed in the 
general population also happened among frequently ill populations such as persons with 
chronic SCI. 
OBJECTIVES: Risk-adjusted LOS was assessed adjusting for personal or structural 
predisposing and financial/enabling factors among veterans with chronic SCI during 
admissions at VA and Medicare hospitals. 
RESEARCH DESIGN: Prospective observational study of 1996-2003 VA and 1999-
2003 Medicare-reimbursed admissions among veterans with chronic SCI. 
PARTICIPANTS: We assessed 1,527 (1 ,285 VA and 242 Medicare) consecutive any-
cause hospitalizations among 315 veterans in the VA Boston SCI Cohort 2: 1 year post-
injury who completed a health questionnaire and underwent spirometry and clinical exam 
at study entry. 
MEASURES: LOS was the outcome in a negative binomial logarithm-linked generalized 
linear model with a generalized estimating equation (GEE) approach that adjusted for 
repeated hospitalizations. 
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RESULTS: Excluding non-acute care hospitalizations, median LOS ( q 1, q3) 1999-2003 
was 6 (3 , 14) days for Medicare-financed and 8 (3, 24) days for VA hospitalizations, and 
for all VA hospitalizations 1996-2003 was 8.5 (3 , 28) days. Adjusting for center effects, 
military era, and geographical location, a greater LOS was significantly associated with 
ICU stay, wheel chair use > 50%, quadriplegia, greater Charlson-Deyo Comorbidity 
Index, genitourinary, skin disease (mainly skin ulcers), or cancer, greater surgical 
procedure count, and skin graft surgery, but there was no significant LOS difference 
between VA (1996-2003) or Medicare reimbursed hospital admissions .. 
CONCLUSIONS: Risk-adjusted LOS did not differ significantly between Medicare and 
VA hospitalizations with chronic SCI but were related to SCI -related medical conditions 
and other characteristics in persons with more severe injury and reduced mobility. 
KEY WORDS: Generalized estimating equations; Length of stay; Medicare; Spinal cord 
Injuries; Veterans Affairs hospitals. 
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INTRODUCTION 
The length of hospital stay (LOS) is one easily available indicator of the efficiency of 
inpatient healthcare delivery (Eastwood, E A, Hagglund, K J, Ragnarsson, K T et al. 
1999). It is considered a reasonable proxy of resource consumption that can be used for 
management of hospital care, quality control, assessing appropriateness of hospital use, 
and hospital planning (Lave, J Rand Leinhardt, S 1976) (Cleary, P D, Greenfield, S, 
Mulley, A Get al. 1991). More effective management and organization of resources 
could lead to shorter inpatient stays while maintaining the quality ofhealthcare delivery, 
and a patient should be discharged when their further stay in hospital is unlikely to yield 
any important improvements in health or functional status (Eastwood, E A, Hagglund, K 
J et al. 1999) (Mushlin, A I, Black, E R, Connoly, C A et al. 1991) (Kossovsky, M P, 
Sarasin, F P, Chopard, Petal. 2002). Limiting LOS, using strategies such as benefit 
restrictions and utilization reviews, is a more realistic way of controlling hospital service 
use, especially for chronic illnesses, than attempting to prevent admissions (Wickizer, T 
and Lessler, D 1998). 
With the rapid spread of managed healthcare, there has been a push to reduce the lengths 
of stay at hospitals so as to cut the costs of healthcare and to increase the efficiency of 
delivering appropriate care to patients. Due to these efforts, the average LOS for chronic 
spinal cord injury (SCI) in non-VA hospitals fell from 144.8 days in the 1970s to about 
77.5 days in the 1990s (Stover, S L, Hall, K M, DeLissa, J A et al. 1995). Initially VA 
hospitals were did not face the same financial pressures that non-VA hospitals faced after 
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the dawn of prospective payment and the rise of competition in U.S. healthcare markets 
in the 1980s and were slower in shifting the major site of care from inpatient to outpatient 
settings. In the mid to late 1980s, VA hospitals also began increasing incentives for 
efficiency. They instituted a resource allocation methodology that reimbursed facilities 
prospectively on the basis of the number of admissions, and not on the days of 
hospitalization. In the 1980s, although LOS for acute SCI was still longer in the VA than 
non-VA hospitals, median LOS for chronic SCI differed by only 2 days (Samsa, G, 
Landsman, P and Hamilton, B 1996). In the mid-1990s, the VA created 22 integrated 
networks of hospitals (VISNs) and community-based outpatient clinics (CBOCs) to shift 
most care from inpatient to outpatient settings, emphasize preventive care, improve 
information technology usage, and implement managed care strategies such as utilization 
review, performance measurement, and service line management (Kizer, K W 1999). The 
VA then implemented global budgeting policies in 1997 which funded networks on a per 
capita basis for the number of veterans who received healthcare (Kizer, K W 2001 ). By 
the turn of the millennium, risk -adjusted LOS was still longer in VA than in non-VA 
hospitals but the difference in mean LOS had fallen from 2.9 days in 1996 to 1.6 days in 
1999 (Rosenthal, G E, Kaboli, P J and Barnett, M J 2003). By the rnid-1990s, LOS for 
any-cause admissions to ICU was reported to be virtually identical (Kaboli, P J, Barnett, 
M J, Fuehrer, S Metal. 2001). 
LOS is a function of multiple factors at the level of the disease, individual patient, health 
provider, hospital, system ofhealthcare delivery, and catchment population (Eastwood, E 
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A, Hagglund, K Jet al. 1999) (Burns, L Rand Wholey, DR 1991). By targeting the 
relevant factors, appropriate policies can be suggested to manage LOS efficiently. We 
investigated the factors associated with LOS among veterans with chronic SCI during 
non-VA hospital admissions paid for by Medicare and hospitalizations at VA medical 
centers. We also aimed to assess whether the hospital system (Medicare versus VA) was 
associated with risk-adjusted LOS to determine if there are cross-system disparities in 
LOS for chronic SCI. Unlike previous studies based on medical record or administrative 
record review, starting in 1994, recruitment in VA Boston Chronic SCI Cohort was 
designed to obtain personal information regarding demographics, personal habits, general 
and respiratory health, and comorbid illnesses. (Jain, N B, Brown, R, Tun, C Get al. 
2006). We linked these data with VA hospitalization data as well as Medicare 
denominator and hospital utilization files to assess determinants of LOS. 
CONCEPTUAL MODEL 
Our conceptual framework adapts aspects of the Andersen-Aday behavioral model of 
healthcare utilization (Andersen, Rand Newman, J F 1973) (Andersen, R M 1995), the 
Institute of Medicine (IOM) framework for access (Institute ofMedicine (IOM) National 
Academy Press 1993.), and Marsha Gold's managed care process model (Gold, M, 
Nelson, L, Hurley, Ret al. 1995) (Gold, M 1998). LOS was conceptualized as a measure 
of realized access, and not just potential access, to healthcare (Andersen, R M, 
McCutcheon, A, Aday, LA et al. 1983). Factors assessed were in three variable domains: 
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structural I predisposing factors, personal I predisposing factors, and fmancial I enabling 
factors . Details of the conceptual model are illustrated in Figure 1 below. 
METHODS 
STUDY DESIGN 
This was a prospective observational study of 1996-2003 VA and 1999-2003 Medicare-
reimbursed non-VA any-cause hospitalizations among veterans with chronic SCI. 
STUDY POPULATION 
Between October 1994 and December 2002, we enrolled 328 veterans at 1 or more years 
post SCI in a longitudinal study on general health and respiratory function in chronic 
SCI. We excluded persons who had other neurologic conditions or who had recovered 
from the SCI as well as persons with a tracheostomy or requiring mechanical ventilation 
(since their pulmonary function could not be assessed). Details of our recruitment 
methodology have been reported previously (Jain, N B, Brown, R et al. 2006). 
Participants completed a standardized respiratory health and medical history 
questionnaire (Ferris, B 1978), and underwent examination and pulmonary function 
testing at study entry. 
DATA SOURCES 
Hospitalization Data: Data on hospitalizations of study participants at acute care VA 
medical centers from 1010111996 to 12131/2003 were extracted from the VA National 
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Patient Care Dataset located in Austin, Texas. Data on acute Medicare Part A 
hospitalizations from 0110111999 to 12/3112003 were taken from the Medicare Provider 
Analysis and Review (MEDP AR) databases for 1999-2003 provided by the VA 
Information Resource Center (VIReC). It was not possible to include VA hospitalizations 
before October 1996 due to non-uniform reporting standards, and data on Medicare 
hospitalizations before January 1999 were not available. Through 12/31/2003 , of the 328 
original enrollees, 3 died before October 1, 1996, 8 had recovered or did not undergo 
examination, and in 2 data were not available on all baseline variables, leaving a study 
population of 315 veterans (96% ). 
Diagnosis codes in both the VA and Medicare databases followed the clinically modified 
ninth edition of the International Classification of Diseases (ICD-9-CM). Each VA 
electronic medical record includes an admitting diagnosis (DXPRIME), up to 9 
secondary diagnoses, and a LOS diagnosis (DXLSF), the condition most responsible for 
the LOS. Each MEDP AR record contains a principal diagnosis code, up to 9 other 
diagnosis codes present on the last claim filed for the admission, and an admitting 
diagnosis code indicating the Medicare beneficiary's initial diagnosis at admission. There 
were 1,785 (1,566 VA and 219 Medicare) hospitalizations among the 315 veterans. There 
were 279 hospitalizations coded to ICD-9 "V -codes" in the VA (versus only 3 at 
Medicare facilities). ICD-9 "V -codes" are diagnostic codes used to identify 
circumstances other than a specific disease where services are provided. At VA Boston 
an additional10.8% (n=169) ofthe hospitalizations were attributed to codes for SCI 
(ICD-9 code 344; quadriplegia, paraplegia) or other spinal cord disorders (ICD-9 code 
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336) or disorders of the back (ICD-9 codes 721-724) rather than a more specific reason. 
At VA Boston it had been the practice to offer admission to SCI patients for periodic 
exams, a practice that has been largely transferred to the outpatient setting starting in 
2000. None of the Medicare records had SCI-related conditions as the principal diagnosis 
and for consistency we excluded all the VA hospitalizations (n=169) with these codes. 
We also excluded 4 very long (VA) stays of more than 1000 days, leaving a sample of 
1,334 (1,118 VA and 216 Medicare) admissions. 
Service eligibility and Enrolment Data: Cross-sectional data on VA Service eligibility 
of study participants at the end of follow-up were obtained from VA electronic medical 
records. Eligibility for VA medical services is judged on the basis of the service-
connected rating, which is a ruling by the VA on the extent to which a disease/disability 
was incurred or aggravated while on active military duty. Higher service connectedness 
means greater eligibility for free care by the VA. Prospective Medicare entitlement data 
for those who were enrolled in Medicare were obtained from the Medicare denominator 
datasets for 1999-2003. 
Geographical Data: The residential zip codes of study participants in 2006 were linked 
to the Dartmouth Atlas of Health Care (The Dartmouth Institute for Health Policy and 
Clinical Practice 2008) database to obtain geographical and health services data on 
residential hospital referral regions (HRRs) and hospital service areas (HSAs) at the end 
of follow up. 
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STUDY VARIABLES 
Outcome: The main outcome was the length of stay (LOS) and was defined as the 
number of days from admission to discharge. If admission and discharge occurred on the 
same day, a stay of half a day was counted. 
Personal Predisposing Factors: included sociodemographics such age, gender, marital 
status, race, ethnicity, education, and employment status. Injury-related variables were 
the neurological level or completeness/severity of SCI, duration since injury, and mode of 
locomotion. SCI neurological level / completeness was assessed by exam, according to 
the American Spinal Injury Association (ASIA) criteria (Marino, R J, Barros, T, Biering-
Sorensen, Fetal. 2003), and motor incomplete SCI included ASIA C (most key muscles 
below the neurologic level grade <3/5) or ASIA D (most muscles grade ~3/5). SCI 
severity/level was grouped into severe quadriplegia (cervical motor complete and cervical 
grade C); severe paraplegia (other thoracic or lower motor complete and grade C); and 
others (all ASIA grade D). Health behavior indicators included: anthropometric 
measurements (weight, height, body mass index [BMI]), regular physical exercise, 
cigarette smoking history, and alcohol consumption in the year before study entry. 
Weight and height were either measured at baseline or obtained by self-report using the 
questionnaire, as described previously (Garshick, E, Ashba, J, Tun, C Get al. 1997). 
Clinical factors were respiratory symptoms (wheeze, cough, phlegm, dyspnea), 
pulmonary function obtained from spirometry, self-reported history of comorbid illnesses 
(chronic obstructive pulmonary disease [COPD], asthma, hypertension, heart disease, 
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diabetes). There was little difference between DXPRIME and DXLSF, and the organ 
system affected was used to categorize admissions based on ICD disease groups. The 
number of comorbidities and complications was assessed by the modified Charlson-Deyo 
Index of Comorbidity (Charlson, M, Pompei, P, Ales, K L et al. 1987) (Deyo, R A, 
Cherkin, DC and Ciol, M A 1992) and by the total number ofiCD-9 diagnoses. The best 
FEY 1 (forced expiratory volume in one second) and FYC (forced vital capacity) were 
reported, and 93% of the cohort had at least 3 acceptable expiratory efforts with the best 
FEY 1 and FYC that was reproducible within 200ml. Predicted FEY 1 and FYC were 
calculated using Hankinson' s equations (Hankinson, J, Odenkranz, J and Fedan, K 1999) 
(Kelley, A, Garshick, E, Gross, E et al. 2003). 
Financial and Enabling Factors: Y A service-connected status and eligibility priority 
groups at the end of follow-up were also assessed. Data on Medicare Part A entitlement, 
HMO coverage, and primary payer codes for 1999-2003 Medicare admissions were also 
assessed. Other indicators of hospital utilization that were assessed included the number 
and type of surgical procedures, and if there was admission within the preceding one 
month. The first two digits ofiCD-9 procedure codes range from 01-86 for surgical 
procedures and from 87-99 for non-surgical procedures. Y A records listed a maximum of 
six procedures whereas the MEDP AR dataset had no similar limit, so the number of 
procedures was top-coded at 6 in the combined dataset. Types of surgical procedures 
were categorized by body system where performed, e.g. circulatory system surgery, 
respiratory system surgery. 
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Structural Predisposing Factors: included measures of geographical location such as 
the residential hospital referral region (HRR) and hospital service area (HSA) that were 
obtained from. For the VA medical centers, data were available on SCI specialty status, 
i.e. whether the hospital was an SCI-specialized center or not. Other structural variables 
were the source and transfer status of the admission, and an indicator variable for VA or 
Medicare hospitalization. Since the variables for admission source and discharge 
destination in the VA and Medicare databases were different, new hybrid variables were 
formatted that incorporated the categories in both systems of care. 
STASTICAL ANALYSIS 
Unadjusted associations with LOS were tested with a univariate generalized linear model 
(GLM) of the outcome on individual predictor variables, estimated via a generalized 
estimating equation (GEE) approach. The GEE method was developed by Liang and 
Zeger (Liang, K Y and Zeger, S L 1986) to produce more efficient and unbiased 
regression estimates for use in analyzing longitudinal or repeated measures research 
designs with nonnormal response variables. GEEs are especially useful for researchers 
seeking to develop accurate population averages or marginal models. 
Since LOS is a count variable, we first tested GEE models with a poisson distribution and 
logarithmic link function, using the logarithm of months of follow up as the offset 
correction for dispersion and an exchangeable "working" correlation to adjust for 
repeated admissions for individual patients. We accounted for intraclass correlation for 
patients admitted to the same medical centerN A station by including a random 
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center/station effect. We assessed the degree of over-dispersion by the ratio of both the 
deviance and the pearson chi-square statistics to their respective degrees of freedom. 
Ratios > 1.0 were considered to indicate over-dispersion, as was a variance greater than 
or equal to twice the mean. Further corrections for over-dispersion, such as setting the 
scale factor as equal to the deviance or pearson chi-square statistic, were tested. The 
resulting poisson models were compared with negative binomial models by assessing 
whether differences in the likelihood ratio test were statistically significant. Multivariable 
modeling was also performed via a GEE model of LOS, specifying a "working" 
correlation for repeated observations, and accounting for intraclass correlation for 
patients admitted to the same hospital by including a random center effect. All factors 
with significant (p < 0.05) unadjusted associations with LOS were then entered into a 
preliminary multivariable model. This model was reduced further by dropping variables 
that had no statistically significant effect independent of covariates. All statistical 
analyses were conducted using the Statistical Analysis System (SAS) version 9 .1.4 (SAS 
Inc, Cary, North Carolina). 
RESULTS 
Of the 1,334 hospitalizations for acute care, 392 were VA admissions during 1996-1998, 
726 were VA admissions during 1999-2003, and 216 were Non-VA admissions 
reimbursed by Medicare that occurred during 1999-2003. Table 5 illustrates how the 
characteristics of hospital stays were distributed by healthcare delivery system, i.e. VA 
versus Medicare. The median LOS (q1 , q3) was 8 (3, 21) days overall: 6 (3 , 14) days for 
Medicare-fmanced and 8 (3 , 23) days for VA hospital admissions. The geometric mean 
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(95% CI) LOS was 151.7 (128.47- 179.2) days overall, 88.9 (64.2- 123.1) days for 
Medicare and 167.8 (139.1- 202.4) days for VA hospitalizations, unadjusted for other 
co variates. The logarithm of LOS was significantly lower for Medicare compared to VA 
admissions (Welch's ANOVA F-test(2,682)=3.85, p=0.0030). The geometric mean LOS, 
unadjusted for repeated events or other covariates, was significantly lower for Medicare-
reimbursed stays compared to VA admissions either during 1996-1998 (p=0.0050) or 
during 1999-2003 (p=0.0164). There was a statistically insignificant (p=0.3974) within-
system reduction in average LOS at VA medical centers from 1996-1998 to 1999-2003. 
A minority of 136 (8 .9%) hospitalizations (37 (15.3%) Medicare admissions and 99 
(7.7%) VA stays) included time spent in the Intensive Care Unit (ICU). 16 hospital stays 
(15 Medicare, 1 VA) were spent entirely in the ICU. Of admissions that included time in 
ICU, a median (Q1, Q3) of2 (1, 5) days were spent there: 2 (1, 3) days for 1996- 1998 
VA; 2 (1, 6) days for 1999-2003 VA; and 3 (1, 6) days for Medicare hospitalizations. 
Medicare admissions were more likely than VA hospitalizations (P<O.OOOl) to include 
time in the I CU. 
The top two primary causes of admission were: genitourinary diseases (24%) and skin 
diseases (19%) among earlier (1996-1998) VA hospitalizations; skin conditions (23%) 
and genitourinary illnesses (20%) among latter (1999-2003) VA hospitalizations; 
respiratory system (14.4%) and genitourinary illnesses (12.5%) among 1999-2003 Non-
VA hospitalizations reimbursed by Medicare. Skin conditions were predominantly (87%) 
comprised of chronic skin ulcers (ICD-9 codes 707). The proportion of admissions due to 
cardiovascular diseases was slightly lower (6%) among Medicare-reimbursed compared 
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to VA stays (8%). The proportion of Medicare admissions for a nervous system disorder 
was seven times that of VA admissions. The proportion of Medicare admissions due to 
injuries I poisonings was roughly twice that among VA admissions. Among VA 
hospitalizations, there was a doubling in the proportions of stays whose principal 
diagnoses were mental illnesses or neoplasms from the earlier (1996-1998) to the latter 
period (1999-2003). VA hospital stays had a median diagnosis count of 8 compared to 7 
for Medicare-reimbursed admissions. There were slightly higher Charlson-Deyo 
Comorbidity Indices among VA (mean=7.4) than among Medicare stays (mean=6.6), on 
average. 
Without accounting for repeated events and covariates, Medicare admissions tended to 
occur at a more advanced age (mean 64 years) compared to VA hospitalizations (mean 60 
years), but they were happening sooner after the SCI (mean 20 years) compared to VA 
admissions (mean 25 years). A greater proportion of Medicare hospitalizations (29%) 
ended up being discharged to nursing homes. By contrast, 90% of VA hospital 
admissions ended in patients being discharged on self-care to their homes I communities. 
46% of Medicare admissions were from emergency departments and 19% were transfers 
from acute-care hospitals. About 1% of VA hospitalizations were transfers from other 
acute VA hospitals the rest of them were either "direct" admissions or transfers from 
outpatient (clinic or health management organization) settings. 
The devianceldf and person chi-squareldf ratios for the univariate and multi variable 
poisson models were far greater than 1.0, indicating gross over-dispersion. The likelihood 
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ratio difference between the GEE poisson and negative binomial was statistically 
significant and favored the negative binomial models. GEE negative binomial log-linked 
models were constructed for both nnivariate and multivariable modeling. Table 6 shows 
the unadjusted associations between the dependent and independent variables. Variables 
that had a significant unadjusted association with an increase in LOS were: VA 
hospitalization (p<O.Ol), greater proportion of stay spent in intensive care unit (ICU) 
(p<O.Ol), higher neurological level I completeness ofthe SCI (p<0.01), traumatic 
etiology of SCI (p=0.01), locomotion with a wheel chair > 50% of the time (p<O.Ol), 
higher Charlson-Deyo comorbidity index (p<O. 01 ), principal diagnosis of skin (p<O. 01) 
or injury/poisoning (p<0.01), being a smoker (p<0.01), reduced lung function (p<0.01), 
surgery of the skin [mostly skin grafts, ICD-9 code 86] (p<0.01) or nervous (p<0.01) or 
respiratory (p<O.Ol) or musculoskeletal system (p<O.Ol), Massachusetts residency 
(p=0.05), and admission in 2001 versus 2003 (p=0.03). Being married (p=0.01), VA 
service eligibility >50% (p<0.01), having quit smoking (p<0.01), principal diagnosis of 
neoplasmic (p=0.05) or genitourinary (p<O.Ol) or digestive (p<0.01) or respiratory 
system (p<O.Ol) or mental illness (p<O.Ol), and admission in 2000 versus 2003 (p=0.04) 
had an unadjusted association with a lower LOS. Certain characteristics of the residential 
hospital referral region (HRR) had an unadjusted association with greater LOS and others 
with reduced LOS (see Table 2). The Worcester HRR tended to have shorter LOS 
relative to Boston, MA, and Providence, R1 (p<O.Ol). 
Table 7 illustrates the final multi variable GEE negative binomial model of LOS among 
veterans with chronic SCI. After adjusting for hospital center effects, repeated events, 
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system where admitted CV A versus Medicare), HRR, admission source, and year of 
admission, the factors that were significantly associated with LOS were: proportion of 
stay spent in ICU (p<O.Ol), severe quadriplegia (p<O.Ol), Charlson-Deyo comorbidity 
index (p<O.Ol), genitourinary disease (p<O.O l ), skin disease (p<O.Ol), neoplasmic illness 
(p<O.Ol), number of surgical procedures (p<O.Ol), and skin surgery (p<O.Ol). After 
adjusting for other covariates, there was a statistically insignificant mean difference of 
0.87 days in the risk-adjusted LOS between VA and Medicare stays. 
DISCUSSION 
We set out to investigate the factors associated with length of inpatient stays among 
veterans with chronic SCI during non-VA hospital admissions paid for by Medicare and 
hospitalizations at VA medical centers. We linked personal demographic, spirometry, and 
clinical data with prospective VA hospitalization data, Medicare denominator and 
hospitalization files, and geographical region data to assess determinants of LOS using a 
conceptual framework based on the Andersen utilization model, the IOM access model, 
and Gold's managed care process model. We aimed to clarify the significance of the 
hospital system as a predictor of risk-adjusted LOS for chronic SCI, independent of key 
covariates. In a multivariable GEE model adjusting for repeated events, institution/center 
effects, hospital system where admitted, HRR, admission source, and readmission in :S 30 
days, LOS was significantly associated with personal predisposing factors (ICU days; 
wheel chair use; SCI level; diagnosis count; admitting diagnosis of genitourinary or 
digestive or integumentary system disease or injury/poisoning or cancer); structural 
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predisposing factors (hospital referral region) and financial I enabling factors (number of 
surgical procedures; genitourinary or skin surgery). The system of hospital services 
delivery (Medicare versus VA) was not significantly associated with risk-adjusted LOS 
once we accounted for important predisposing and enabling factors. 
There was a median difference of;:::; 2 days in unadjusted LOS (8 days versus 6 days) 
between VA and Medicare-reimbursed hospital admissions among veterans with chronic 
SCI. This is identical with a difference of 2 days in median LOS for chronic SCI at VA 
compared to Model SCI Systems hospitals found by Samsa et al. (Samsa, G, Landsman, 
Petal. 1996). Dryden et al. found a median LOS of 4 days among 233 individuals with 
chronic SCI who were followed up for 6 years (Dryden, D, Saunders, L, Rowe, Bet al. 
2004). Middleton and colleagues found a median LOS of 5 days for among 253 persons 
with chronic SCI who were followed up for > 10 years. Meyers and colleagues found a 
mean hospital LOS of 11.1 days per admission among 87 adults living independently 
with chronic SCI (Meyers, A, Branch, L, Cupples, L et al. 1989). Savic and colleagues 
found a mean LOS of 12.03 days for 481 readmissions occurring from 1990 through 
1996 among 127 patients with chronic SCI (Savic, G, Short, D J, Weitzenkamp, D et al. 
2000). At 20 years post-SCI, Cardenas et al. found that the LOS for chronic traumatic 
SCI averaged about 12 days per rehospitalization (Cardenas, D, Hoffman, J, Kirshblum, 
Setal. 2004). The variation in LOS estimates represents the diverse categories of persons 
with SCI that each study sampled. The minimally longer unadjusted LOS for VA 
hospitalizations in our study did not persist at the multivariate level once we adjusted for 
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important co-predictors. This suggests that the historical VA-Medicare disparity in 
financial pressure from third party payers might be negligible for chronically ill and 
frequently hospitalized persons such as those with chronic SCI. 
Personal predisposing factors: All of the sociodemographics, health behaviors, 
respiratory symptoms, and self-reported comorbidities did not show an independent 
significant association with the logarithm of LOS and were therefore not entered into the 
fmal multivariable model. Injury factors that were significantly associated with LOS 
included severe quadriplegia and wheel chair use > 50% of the time [(both positive) 
quadriplegia was significantly associated with wheel chair dependency (p<O.OOOl for 
Fisher's exact test)] . Admitting diagnoses with a significant independent effect were 
genitourinary disease (negative), skin conditions (positive), and neoplasm (negative) 
relative to the lack of these principal diagnoses. The Charlson-Deyo comorbidity index 
had a positive independent association with the LOS, but the diagnosis count showed no 
significant association. These fmdings indicate that risk-adjusted LOS was more closely 
associated with indices of severity of SCI, functional I mobility status, and overall level 
of disability I illness than with sociodemographics. The negative direction of the 
association with genitourinary system and neoplasmic illnesses might be an artifact 
indicating greater likelihood of dying before discharge for persons with chronic SCI for 
whom those illnesses were the primary diagnoses. The positive association between LOS 
and skin conditions most likely indicates the frequently protracted nature of skin ulcers 
among persons with chronic SCI whose mobility is limited. Persons who are dependent 
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on wheelchairs for their mobility more than 50% of the time were more likely to 
experience a longer hospital stay, after accounting for significant covariates, providing 
some evidence for the activity-level hypothesis which predicts greater morbidity among 
persons with lower activity or functional status (Ivie III, C and DeVivo, M 1994). Efforts 
at minimizing LOS among persons with chronic SCI should focus on minimizing the 
injury severity, increasing functionality and mobility, avoiding skin ulceration, and 
preventing additional injuries or accidents. These factors are more significantly related to 
the LOS than demographic factors. Meyers found self-reported health status to be the 
only statistically significant predictor of LOS among adults independently living with 
SCI (Meyers, A, Branch, L et al. 1989). Ronen et al. found a significant positive 
association of LOS with traumatic etiology ofthe SCI, and SCI severity of Frankel 
grades A orB or C compared to D (Ronen, J, Itzkovich, M, Bluvshtein, Vet al. 2004). 
Cifu et al. reported that older adults with paraplegia had longer stays while tetraplegics 
did not, older adults with tetraplegia made slower neurological recovery while 
paraplegics did not, and older adults with tetraplegia or paraplegia made slower 
functional recovery (Cifu, D X, Huang, ME, Kolakowsky-Hayner, S A et al. 1999) 
(Cifu, D X, Kreutzer, J S, Steel, R T, Marwitz, Jet al. 1999) (Cifu, D X, Kreutzer, J S, 
Steel, R T and McKinley, W 0 1999). Burnett and colleagues found that age at injury, 
number of days to rehabilitation admission, number of pressure ulcers, number of 
medical complications, SCI level, and the sponsor of the initial hospitalization predicted 
outliers in terms of SCI rehabilitation LOS (Burnett, D M, Kolakowsky-Hayner, SA, 
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Gourley 3rd, E Vet al. 2000). All of these studies stress personal and injury-related 
factors as the main determinants of LOS in persons recovering from SCI. 
Structural Predisposing Factors: In our multivariable model, no significant cross-
system differences in risk-adjusted LOS remained between persons with SCI admitted at 
VA versus Non-VA Medicare-reimbursed hospitals (Wald Chi-square= 0.81 , p=0.3688). 
The surprising nonsignificance of admission to VA or Non-VA hospitals in determining 
LOS could be evidence that the cross-system parity in LOS recently reported for 
inpatients overall extends to frequently hospitalized populations such as persons with 
chronic SCI. The chronicity and protracted nature of SCI (reflected in many of the 
personal, predisposing factors) might, on the other hand, be an equalizing factor that 
masks cross-system differences that might otherwise exist for more acute illnesses due to 
varying reimbursement incentives. The hospital referral region (HRR) was significantly 
associated with the log of LOS, independent of other co-predictors. Veterans with chronic 
SCI who were resident in Worcester, Massachusetts, had significantly shorter hospital 
stays compared to residents of Boston, Massachusetts, and Providence, Rhode Island. On 
the contrary, study participants who resided in Albany or East Long Island, New York, 
tended to have greater LOS. This suggests that geographical disparities in LOS might 
persist across healthcare delivery systems, and their causes must be further investigated 
in order to reduce avoidable hospital services utilization. Such causes are likely to be 
related to unwarranted variations in the quality and appropriateness of healthcare services 
as has been reported for the general patient population. The RAND Health Insurance 
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Experiment (HIE) reported significant geographical variations in appropriateness of 
hospital care even after controlling for patient and provider covariates (Siu, A L, 
Manning, W G and Benjamin, B 1990). Studies in the general patient population have 
also indicated that delayed transfers to more specialized settings for surgical or other 
procedures often lead to inappropriately prolonged LOS (Parris, L J, Gooskens, M, 
Verheggen, F Wet al. 2003). Interpretation of any geographical variations we found has 
to be balanced with the fact that most hospitalizations in our sample occurred within the 
greater Boston metropolitan area. Our data did not contain the SCI specialty status of 
Medicare hospitals, and the significance of this variable could therefore not be tested 
across both VA and Medicare healthcare delivery systems. After accounting for 
covariates in the multivariable model, the admission source was significantly associated 
(p<0.01) with LOS in our study, whereas the effect of discharge destination was marginal 
(p=0.07). The greater proportion of Medicare hospitalizations that were discharged to 
nursing homes might be due to the age differential. Admission and discharge processes 
have long been identified as key sources of inappropriate hospital use (Chopard, P, 
Perneger, TV, Gaspoz, Jet al. 1998). Future studies should investigate the impact of a 
wider array of structural and systemic factors on LOS, and confirm small-to-medium area 
variations in hospital days, among persons with chronic SCI. 
Financial I Enabling Factors: Persons with chronic SCI who underwent a greater 
number of surgical procedures tended to utilize more hospital days. Those who 
underwent skin surgery were especially likely to utilize more days. Efforts at reducing 
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LOS in chronic SCI should focus on reducing avoidable surgical procedures or 
performing more procedures on an outpatient rather than inpatient basis. The other 
financial/enabling factors , such as Medicare enrolment, VA service eligibility, and 
employment status, did not retain any statistical significance in the multivariable model 
once we adjusted for the personal/predisposing and structural/predisposing factors. This 
fmding might be due to the limited number of relevant variables on which data were 
available, and the limited amount of data on certain variables. Medicare denominator data 
were available on HMO coverage and primary payer status for Non-VA admissions but 
not for VA hospitalizations. The Medicare denominator data also listed the state buy-in 
category, a variable that states whether a person received state Medicaid assistance 
towards meeting all or part of their Medicare co-pays. This variable is a measure of 
poverty since one has to below the 150% poverty line to be eligible for state buy-in. The 
equivalent variable for the VA system might have been the poverty means test, but the 
latter was not contained in the VA hospitalization data. Our findings also might indicate 
that the financial status of a patient is less predictive of LOS among chronically ill and 
frequently hospitalized persons such as veterans with chronic SCI. Samsa and colleagues 
(Samsa, G, Landsman, Petal. 1996) found that LOS during the first five years after SCI 
tended to predict LOS during the chronic years, i.e. utilization of hospital days by persons 
with chronic SCI was predicted by previous utilization during the acute to sub-acute 
phase of the SCI. Among persons with disabilities in general, LOS tends to be longer for 
readmissions than for index admissions (Ottenbacher, K J, Smith, PM, Illig, S Bet al. 
2000). Future studies should investigate the relative impact of previous utilization of 
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hospital days, as well as financial/economic covariates, on LOS specifically for persons 
with chronic SCI. 
STRENGTHS AND LIMITATIONS 
Major strengths of this report are the longitudinal hospitalization records and the 
numerous baseline variables that were not considered in previous studies of LOS in 
chronic SCI. The use of diagnosis codes based on ICD-9-CM raises the possibility that 
variations in coding standards might have affected our results (Y ao, P, Wiggs, B R, 
Gregor, C et al. 1999). The incentives for coding differ in the two hospital systems. In the 
VA coding is done by providers, is focused towards treatment, and emphasizes diagnosis 
codes. In Medicare coding is performed by clerical staff, is focused on reimbursement, 
and emphasizes procedure codes. However, the relative lack of statistical significance of 
the hospital system in the multivariable model could indicate that systemic disparities in 
coding standards were not significant enough to affect the results. Another limitation of 
the study is the absence of data on any hospitalizations that were reimbursed by 
Medicaid. Lack of data on physician-level factors was also a limitation. Some have 
argued that geographical area variations in outcomes of care might be accounted for by 
differences in physician "practice styles" (Wennberg, J E 1985) (Evans 3rd, J H, Hwang, 
Y M and Nagarajan, N 1995), i.e. their clinical judgments about uncertainties 
surrounding the appropriateness of a particular procedure or of discharge on a given day. 
Our data also lacked hospital-level variables for Medicare admissions, yet such factors 
have been shown by other studies to independently predict LOS among Medicare 
beneficiaries (Yuan, Z, Cooper, G S, Einstadter, D et al. 2000). We attempted to address 
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this limitation by controlling for correlation between admissions that occurred at the same 
medical facility, and we expect that hospitals from the same residential HRR were more 
likely to be similar. It was difficult to separate planned and unplanned hospitalizations in 
this study, even though we expect that the effect of this limitation was reduced by the 
exclusion of admissions for which the primary ICD-9 diagnosis was a V -code. Outpatient 
services utilization was another notable missing variable that might have affected our 
findings. Future studies should seek to blend in data on use of outpatient services to 
measure their effect. 
IMPLICATIONS 
Overall, personal predisposing factors were more significantly associated with the LOS 
than were structural predisposing and financial I enabling factors. Among the personal 
factors, sociodemographics were far less important than indices of severity of 
injury/illness, functionality/mobility, and disability/comorbidity. Geographical variations 
in LOS need to be confirmed among persons with chronic SCI, given that most of our 
participants were hospitalized within one region and that cross-system differences in risk-
adjusted LOS have disappeared. The number and nature of surgical procedures are more 
predictive of LOS than service eligibility in the VA or Medicare systems. In general 
public policies and management strategies to reduce unnecessarily lengthy hospital stays 
for persons with chronic SCI are more likely to succeed if they are focused not so much 
on sociodemographics but on reducing the medical burden of the illness, increasing 
mobility and functionality, reducing geographical variations in healthcare quality, and 
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moving the site of as many procedures as possible from an inpatient to an outpatient 
setting. The key determinants of LOS cut across the systemic divide in that they apply in 
both the VA and Medicare healthcare delivery systems for persons with chronic SCI. 
Care must be exercised not to reduce LOS too much as this might lead to premature 
discharges. Some studies suggest that early readmissions after a premature discharge are 
associated with longer hospital stays among persons with disabilities (Ottenbacher, K J, 
Smith, P M et al. 2000). LOS needs to be adequate and neither inappropriately long nor 
inappropriately short (Chopard, P, Perneger, TV et al. 1998). 
The results of this study are important for managers, policy makers, and clinicians. For 
managers, knowing the factors associated with LOS improves the understanding of 
product line management (PLM) (Manning, M F 1987), a strategy that numerous 
hospitals are resorting to in this era of managed care (Nacke!, J G and Kues, I W 1986). 
PLM enables hospitals to assess the performance of the segments of their healthcare 
products with regard to their respective contributions to overall institutional revenue, 
profits, overheads, and their market strengths (Eastaugh, S R 1992). For policy makers, 
understanding the factors associated with LOS enables them to adjust reimbursement 
appropriately, especially for factors outside the hospital's control. Payments that adjust 
for factors that predispose towards greater LOS might provide incentives for hospitals to 
reduce patient "skimming", i.e. the selection of patients based merely on their 
profitability to the hospital. For clinicians, knowing the determinants of LOS assists their 
efforts at improving quality of life by maximizing efficiency and appropriateness of 
healthcare, minimizing the disruption of 'normal' life among patients, and reducing the 
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care giving burden on families. Early detection of SCI patients at high risk of extended 
LOS also allows clinicians to treat those patients more aggressively (Burnett, D M, 
Kolakowsky-Hayner, S A et al. 2000). 
CONCLUSION 
In a multivariable model adjusting for repeated events, institution/center effects, 
geographical location, and admission source, LOS in chronic SCI was significantly 
associated with ICU stay, wheel chair use, quadriplegia, comorbidity index, principal 
diagnosis of genitourinary or skin disease or cancer, number of surgical procedures, and 
skin surgery. The healthcare delivery system where an individual was hospitalized 
(Medicare or VA) was less significantly associated with LOS than other enabling and 
predisposing factors. Efforts to reduce inappropriate hospital days in chronic SCI should 
be more effective when directed at reducing the personal burden of illness, increasing 
mobility, reducing geographical variations in care, and fmding ambulatory-care 
alternatives to most inpatient procedures. These policies and strategies should apply 
across the Medicare-VA systemic divide. 
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Figure 1: Conceptual Framework of Hospital Days Utilized by Veterans with Chronic Spinal Cord Injury 
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Table 5: Characteristics of Hospital Stays of Chronic SCI Patients by Hospital System 
1996-1998 VA 1999-2003 VA 1999-2003 Total Hospital 
Variables Hospital Hospital Medicare Admissions 
Admissions Admissions Admissions (n=1334) 
(n=392) (n=726) (n=216) 
Reason for Admission (%) 
Genitourinary Disease 24.2 20.2 12.5 20.1 
Skin Conditions 19.3 23.3 11.1 20.1 
Respiratory Disease 7.0 5.1 14.4 7.2 
Cardiovascular Disease 7.5 8.3 5.6 7.6 
Digestive Disorders 7.5 6.5 8.8 7.2 
Mental Illness 3.9 7.7 5.6 6.2 
Musculoskeletal Disease 10.3 4.6 8.8 7.0 
I 
Injury & Poisoning 4.9 4.1 7.9 5.0 
Neoplasms 3.4 8.0 0.5 5.4 
Nervous Disorders 1.0 1.0 6.9 2.0 
Endocrine Disorders 0.5 1.6 2.3 1.4 
Infections & Parasitic Diseases 0.3 1.1 1.9 1.0 
Hematological Disorders 0.0 0.0 0.9 0.2 
Ill Defined/Others 10.2 8.5 12.8 9.6 
Source of Admission (%) 
Direct Admission to VA 48.0 74.0 0.0 54.4 
Medicare Physician Referral 0.0 0.0 21.3 3.5 
Out-patient: Clinic /HMO Referral 49.2 21.6 7.9 27.5 
Non-VA Acute Care Hospital 0.8 0.1 19.4 3.5 
VA Acute Care Hospital 1.0 1.0 0.0 0.8 
Non-VA Nursing HomeiSNF/LTC 0.0 0.0 0.9 0.2 
VA Nursing Home I Domiciliary 0.3 0.6 0.0 0.4 
Non-VA Emergency Department 0.0 0.0 46.3 7.5 
Other I Unknown I Unavailable 0.8 2.8 4.2 2.4 
--- -- ---
-..l 
\0 
Discharge destination (%) 
Home I Community: Self-care 
VA Acute Hospital 
Non-VA Acute Hospital/Still Admitted 
VA Nursing Home I Domiciliary 
Non-VA Nursing HomeiSNFILTC 
Died during hospitalization 
Irregular/Left Against Medical Advice 
Home Care I Home Health Service 
Hospital Stay 
Length of Stay [Median (Q1 , Q3)] days 
[Geometric Mean (95% CI)] days 
Duration in ICU [Mean (95% CI)] days 
Proportion of LOS in ICU [Mean (95% CI)l 
Age 
Age (Years) [Mean± SD] at Admission 
Time (Years) [Mean± SD] Since Injury 
Year of Discharge (%) 
1996-1998 
1999-2000 
2001-2002 
2003-2004 
Charlson-Deyo Index [Mean (95% CI)] 
Charlson-Deyo Index Category % 
1 (Charlson Index= 0) 
2 (Charlson Index = 1) 
3 (Charlson Index= 2) 
4 (3 :S Charlson Index s 4) 
5 (5 :S Charlson Index :S 8) 
6 (Charlson Index> 9) 
94.4 
1.5 
0.0 
0.3 
0.5 
1.8 
1.5 
0.0 
8.5 (3, 28) 
208 (146-295) 
0.25 (0.16-0.34) 
.012 (.005-.020) 
60.0 ±14.2 
24.8 ± 14.6 
99.5 
0.5 
-----
-----
1.67 (1.48, 1.85) 
29.9 
11.9 
36.1 
17.0 
4.4 
0.8 
88.8 
1.7 
0.0 
0.7 
1.9 
5.5 
1.4 
0.0 
8 (3, 24) 
183 (142-237) 
0.45 (0.21-0.69) 
.017 (.011- .023) 
60.5 ±13.4 
24.9 ± 14.2 
-----
46.4 
35.4 
18.2 
1.53 (1.40, 1.67) 
34.0 
15.5 
31.3 
15.8 
1.7 
1.7 
-
31.9 81.3 
0.0 1.4 
16.7 2.7 
0.0 0.5 
29.2 5.9 
3.7 4.1 
' 
1.4 1.4 
17.1 2.8 
6 (3, 14) 8 (3, 23) 
88 (63-124) 169 (141-203) 
0.66 (0.34-0.99) 0.43 (0.28--0.57) 
.099 (.063-.135) .029 (.021-.036) 
63.9 ±15.0 60.9 ±14.0 
20.4 ± 12.8 24.1±14.2 
I 
----- 29.2 
39.4 31.8 
36.1 . 25.1 
24.5 13.9 
1.64 (1.35, 1.94) 1.59 (1.49, 1.69) 
34.3 32.8 
17.1 14.7 
25.5 31.8 
20.4 16.9 
0.9 2.4 
1.9 1.5 
-- --- · --·--- -·---
00 
0 
Diagnosis Count [Median (Ql, Q3)] 
No. of Surgical Procedures (Top-coded) 
fMedian (Ql , Q3)] 
Type of Surgery, n (%) 
Circulatory System 
Respiratory System 
Urinary System 
Integumentary System 
Musculoskeletal System 
Neurosurgery I Nervous System 
Digestive System 
Residential Hospital Referral Region (%) 
227 or 364 - Boston, MA or Providence, RI 
230 - Springfield, MA 
231 - Worcester, MA 
295 or 301 -Albany or E. Long Island, NY 
State Where Hospitalized (%) 
Massachusetts 
Maine 
New Jersey 
Connecticut 
New Hampshire 
New York 
Pennsylvania 
Rhode Island 
Florida 
Vermont 
Georgia 
California 
Arizona 
- --
8 (6, 10) 
1 (1 , 2) 
8 (2.0) 
3 (0.8) 
19 (4.9) 
28 (6.4) 
32 (8.2) 
1 (0.3) 
8 (2.0) 
16.3 
44.6 
35.2 
3.8 
97.2 
0.0 
1.0 
0.0 
0.5 
0.5 
0.0 
0.0 
0.0 
0.8 
0.0 
0.0 
0.0 
-
8 (6, 10) 7 (5 , 9) 8 (6, 9) I 
1 (1 , 3) 0 (0, 2) 1 (0, 2) 
I 
15 (2.1) . 31 (14.4) 54 (4.1) 
6 (0.8) 9 (4.2) 18 (1.4) 
36 (5.0) 11 (5.1) 66 (5.0) 
55 (6.5) 21 (9.7) 98 (7.4) 
32 (4.4) 24 (11.1) 88 (6.6) 
4 (0.6) 6 (2.8) 11 (0.8) 
18 (2.5) 14 (6.5) 40 (3.0) 
15.4 17.6 16.0 
48.1 38.9 45.6 
27.8 34.3 31.0 
8.7 9.3 7.4 
93.9 52.8 88.1 
0.6 11.6 2.2 
1.7 0.0 1.2 
0.1 10.7 1.8 
0.4 7.9 1.7 
0.6 4.6 1.2 
0.3 4.2 0.8 
0.0 4.6 0.8 
0.6 1.9 0.6 
0.3 0.5 0.5 
1.0 0.0 0.5 
0.6 0.0 0.3 
0.0 1.4 0.2 
- - - ---·-- -- -- --- ---·-- -- --
00 
1--' 
State Where Patient Lived (%) 
Massachusetts 
New Hampshire 
Maine 
Rhode Island 
Connecticut 
New York 
Florida 
Vermont 
Pennsylvania 
Arizona 
Georgia _ 
- -
63.4 
10.8 
5.7 
5.7 
5.2 
2.8 
2.6 
1.3 
0.3 
0.5 
-
~-
'---- - _ _Q.8_ - .. L_ 
i 
65.6 53 .7 63.0 
10.4 7.4 10.0 
4.1 11.6 5.8 
5.8 5.6 5.7 
4.0 11.1 5.5 
2.4 4.2 2.8 
1.9 1.4 2.0 
2.0 0.0 1.5 
0.6 3.2 0.9 
0.6 1.4 0.7 
1.1 0.0 0.8 
Table 6: Unadjusted Associations with LenfJ"th of Hospital Stay (LOS) 
Variable Univariate Effect: 
Hospital System: 
Medicare 1999-2003 Admission 
VA 1996-2003 Admission 
Intensive Care Unit (ICU) Utilization: 
Total ICU stay (days) 
Proportion of LOS spent in ICU 
Sociodemographics 
Age at admission 
Age at discharge 
Age at injury 
Married 
Employed or student 
College Education 
Schooling (years) 
Eligibility 
Enrolled in Medicare 
>50% VA Service-Connected 
Health Behaviors: 
Regular Physical Exercise 
BMI (kg/m2) 
Obese 
Overweight 
Underweight 
Lowest BMI quintile 
Ex-smoker 
Current Smoker 
Never Smoked 
Regular Alcohol Use 
Intoxicated in Preceding Year 
Alcohol (kg) Consumed in Preceding Year 
Injury Characteristics 
Severe Quadriplegia 
Severe Paraplegia 
SCI neurologic level category 
• Severe Quadriplegia 
• Severe Paraplegia 
• Others 
Traumatic etiology 
Wheel Chair-dependent 
Duration of Injury (Years) 
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Z statistic (p value l 
-4.64 (<0.0001) 
4.64 (<0.0001) 
9.49 (<0.0001) 
-3.12 (0.0018) 
-0.13 (0.8977) 
-0.66 (0.5093) 
-1.12 (0.2624) 
-2.50 (0.0125) 
-1.25 (0.2124) 
-0.54 (0.5884) 
-0.51 (0.6066) 
0.10 (0.9185) 
-2.91 (0.0036) 
0.52 (0.6047) 
-0.50 (0.6189) 
-0.07 (0.9411) 
-1.23 (0.2196) 
1.17 (0.2415) 
-0.36 (0.7203) 
-2.15 (0.0313) 
2.70 (0.0069) 
-0.71 (0.4807) 
-0.16 (0.8759) 
-0.99 (0.3223) 
-1.93 (0.0531) 
1.39 (0.1654) 
1.04 (0.2979) 
4.12 (<0.0001) 
4.12 (<0.0001) 
Referrent 
2.57 (0.0101) 
7.94 (<0.0001) 
1.54 (0.1229) 
Diagnoses Count 0.84 (0.4023) 
Charlson-Deyo Comorbidity Index 2.84 (0.0045) 
Primary Diagnosis: 
Circulatory System Illness -0.54 (0.5872) 
Respiratory System Illness -3.50 (0.0005) 
Genito-Urinary System Illness -5.62 (<0.0001) 
Integumentary System Illness 3.55 (0.0004) 
Digestive System Illness -3.41 (0.0007) 
Mental Illness -6.01 (<0.0001) 
Musculoskeletal System Illness 1.90 (0.0579) 
Injury and Poisoning 5.72 (<0.0001) 
Neoplasms -1.94 (0.0524) 
Nervous System Illness -0.93 (0.3508) 
Endocrine System Illness -1.12 (0.2642) 
Self-reported Comorbid Illnesses 
COPD -2.37 (0.0177) 
Asthma 0.98 (0.3256) 
Hypertension 0.31 (0.7539) 
Diabetes -0.44 (0.6605) 
Heart Disease 0.06 (0.9482) 
Respiratory Symptoms: 
Dyspnea during activities of daily living -1.57 (0.1167) 
Any Wheeze -1.01 (0.3116) 
Persistent Wheeze 0.11 (0.9087) 
Chronic Phlegm 0.46 (0.6476) 
Chronic Cough 0.54 (0.5919) 
Pulmonary Function: 
%-Predicted FEV 1 -1.30 (0.1925) 
LowFEV1 1.50 (0.1342) 
%-Predicted FV C -2.62 (0.0087) 
LowFVC 1.69 (0.0914) 
No. of Surgical Procedures _(Top-coded) 8.65 (<0.0001) 
Surgical Procedures: 
Chest Injury Operation (Self-reported) -1.39 (0.1658) 
Circulatory System Surgery 0.05 (0.9624) 
Respiratory System Surgery 3.68 (0.0002) 
Digestive System Surgery 0.15 (0.8819) 
Musculoskeletal System 2.89 (0.0039) 
Nervous System Procedure 282.72 (<0.0001) 
Surgery of Integumentary System 3.02 (0.0025) 
Genitourinary System Surgery -1.84 (0.0661) 
Massachusetts Residency 1.96 (0.0499) 
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Residential Hospital Referral Region (HRR): 
227 or 364- Boston, MA or Providence, RI Referrent 
230 - Springfield, MA -0.16 (0.8710) 
231- Worcester, MA -2.22 (0.0261) 
295 or 301- Albany or E. Long Island, NY 1.95 (0.0515) 
Hospital Referral Region (HRR) 
Characteristics: 0.21 (0.8364) 
Hospital Employees per 1 000 HRR Residents -1.33 (0.1820) 
Admissions per 1 000 Medicare Enrollees 2.29 (0.0219) 
Acute Care Hospital Beds per 1000 Residents -2.04 (0.0415) 
% Medicare Population Enrolled in HMOs -1.93 (0.0368) 
Medicare Hospital Services Reimbursement per -2.00 (0.0452) 
Enrollee 1.67 (0.0955) 
Primary Care Physicians per 100,000 Residents 1.71 (0.0872) 
Medicare-active Orthopedic Surgeons per -2.34 (0.0191) 
100,000 Residents 1.32 (0.1852) 
Self-designated Neurosurgeons per 100,000 
Residents 
Spine Surgeries per 1,000 Medicare Enrollees 
Cervical Spine Surgeries per 1 000 Enrollees 
Massachusetts Health Institution 1.87 (0.0612) 
Year of Admission: 
1996 -0.76 (0.4462) 
1997 1.02 (0.3072) 
1998 0.98 (0.3250) 
1999 -0.05 (0.9592) 
2000 -1.68 (0.0924) 
2001 2.20 (0.0277) 
2002 0.57 (0.5656) 
2003 Referrent 
Era of Military Service: 
Vietnam War -0.75 (0.4507) 
Korean War -2.24 (0.0250) 
World War II -0.62 (0.5370) 
Source of Admission: 
Direct Admission to VA Referrent 
Medicare Physician Referral -2.58 (0.0099) 
Outpatient: Clinic I HMO Referral 3.14 (0.0017) 
Transfer from Non-VA Hospital 1.36 (0.1750) 
VA Acute Care Hospital -1.09 (0.2741) 
Non-VA Nursing Horne I SNF I LTC 3.34 (0.0009) 
VA Nursing Home/Domiciliary 1.10 (0.2731) 
Non-VA Emergency Department -6.35 (<0.0001) 
Other I Unknown I Unavailable -2.49 (0.0126) 
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Discharge destination: 
Home/Community: Self-care 
Acute Hospital 
Transfer to VA Acute Hospital 
VA Nursing Home I Domiciliary 
Non-VA Nursing Home I SNF /LTC 
Died during hospitalization 
Irregular I Left Against Medical Advice 
Home Care I Home Health Service 
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2.30 (0.0215) 
0.94 (0.3458) 
1.67 (0.0955) 
Referrent 
2.50 (0.0123) 
1.95 (0.0515) 
1.08 (0.2790) 
1.26 (0.2029) 
Table 7: Multivariable Negative Binomial Model of Length ofHospital Stay (LOS) 
Variable Estimate Standard Z-statistic Type3 
Error (p-value) Wald Chi-Square 
(p-value) 
Intercept 2.71 0.21 12.82 ( <0.000 1) 
------------
VA admission -0.06 0.19 -0.33 (0.7403) 0.11 (0 .7403) 
Proportion ofLOS in ICU -0.81 0.17 -4.63 (<0.0001) 21.44 (<0.0001) 
SCI Level 
• Severe Quadriplegia 0.31 0.07 4.67 (<0.0001) 25.19 (<0.0001) 
• Severe Paraplegia 0.03 0.07 0.38 (0.7012) 
• Others Referrent Referrent Referrent 
Charlson-Deyo Index 0.09 0.02 4.80 (<0.0001) 23.05 (<0.0001) 
Genitourinary System Disease -0.22 0.05 -4.25 ( <0.000 1l 18.05 (<0.0001) 
Integumentary System (Skin) 0.41 0.06 6.74 (<0.0001) 45.44 (<0.0001) 
Disease 
Injury I Poisoning 0.43 0.08 5.51 (<0.0001) 30.32 (<0.0001 ) 
Neoplasm -0.45 0.09 -5.06(<0.0001 ) 25.57 (<0.0001) 
·No. of Procedures 0.30 0.03 10.60 (<0.0001) 112.45 (<0.0001) 
(Top-coded) 
Integumentary System (Skin) 0.38 0.08 4.63 (<0.0001) 21.45 (<0.0001) 
Surgery 
Hospital Referral Region: 
227 or 364 Referrent Referrent Referrent 29.93 (<0.0001) 
230 0.09 0.08 1.18 (0.2397) 
231 -0.40 0.08 -5.01 (<0.0001) 
295 or 301 0.34 0.14 2.49 (0 .0128) 
Source of Admission: 
Direct Admission to VA Referrent Referrent Referrent 86.48 (<0.0001 ) 
Medicare Physician Referral -0.72 0.39 -1.85 (0.0644) 
Clinic/HMO Referral 0.02 0.23 0.10 (0.9206) 
Non-VA Hospital Transfer 0.75 0.27 2.80 (0.0052) 
VA Acute Care Hospital -0.63 0.33 -1.94 (0.0522) 
Non-VAN. Home/SNFILTC 0.86 0.48 1.81 (0.0710) 
VA Nurs. Home/Domiciliary -0 .26 0.39 -0.66 (0.5090) 
Non-VA Emergency Dept -0 .92 0.22 -4.14 ( <0.000 1) 
Other/U nknown!Una vailable 1.09 0.32 3.39 (0 .00071 
Year of admission 
. 1996 0.24 0.15 1.57(0.1163) 19.02 (0.0081) 
• 1997 0.11 0.12 0.93 (0.3537) 
• 1998 -0 .16 0.10 -1.61 (0.1073) 
• 1999 -0 .01 0.11 -0.05 (0.9578) 
• 2000 -0.25 0.09 -2.98 (0.0029) 
• 2001 0.24 0.12 2.00 (0.0452) 
• 2002 -0.13 0.10 -1.30 (0.1951) 
• 2003 Referrent Referrent Referrent 
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CHAPTER 4: PROVIDER ATTITUDES ASSOCIATED WITH ADHERENCE 
TO EVIDENCE-BASED CLINICAL GUIDELINES IN A MANAGED CARE 
SETTING 
ABSTRACT 
Background: Primary Care Providers (PCPs) exhibit unwarranted variations in clinical 
behavior. 
Objectives: We investigated provider attitudes associated with adherence to clinical 
guidelines. 
Research Design: In a cross-sectional observational study of PCPs enrolled in a 
Rochester, NY pay-for-performance collaboration, we linked guideline adherence rates to 
provider attitudes and individual, practice, and community demographics. Our 
multivariable adherence model adjusted for contextual factors. 
Participants: From 290 survey respondents, we modeled 186 with adherence data for a 
panel-representative medical condition targeted by pay-for-performance incentives. 
Measures: Adherence was defined as the percent of expected services that were 
delivered. 
Results: Attitudes associated with adherence, independent of specialty and prior 
behavior, were salience (adjusted OR=3.6; 95% CI=1.7-8.4), cooperation (OR=2.0; 95% 
CI=l.0-4.0), control (OR=0.5; 95% CI=0.3-1.0); and autonomy (OR=0.3 ; 95% CI=O.l-
0.6). 
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Conclusions: The most adherent providers perceived pay-for-performance incentives as 
financially salient and felt supported by peers, but high-autonomy providers found early-
stage incentives demoralizing. 
Key Words: Adherence to guidelines, Healthcare quality, Provider behavior, Pay for 
performance, primary care physicians. 
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INTRODUCTION 
The quality ofhealthcare delivered by United States (U.S .) providers has come under 
scrutiny over the past decade (McGlynn, E A, Asch, S M, Adams, Jet al. 2003) (Asch, S 
M, Kerr, E A, Keesey, Jet al. 2006). A major concern has been the unwarranted 
variations in provider adherence to evidence-based clinical guidelines for different 
medical conditions (Boulis, A K and Long, J 2002) (Krein, S L, Hofer, T P, Kerr, E A et 
al. 2002). According to one well publicized study, the average U.S. patient receives 
recommended care only about 55% of the time (McGlynn, E A, Asch, S Metal. 2003) 
(Asch, S M, Kerr, E A et al. 2006). Day-to-day decisions by physicians are a critical 
determinant ofhealthcare quality (McPhee, S J and Schroeder, SA 1987). Accordingly, 
much attention is being paid to influencing the clinical decision-making of physicians so 
that they more consistently adhere to evidence-based guidelines (Smith, W R 2000) 
(Institute of Medicine 2007). 
Previous studies have shown that mere promulgation of clinical guidelines does not 
guarantee physician adherence (Cabana, M D, Rand, C S, Powe, N Ret al. 1999). 
Specific personal as well as system-wide factors often dispose providers toward greater 
adherence to the best clinical evidence (Tamblyn, R, McLeod, P, Hanley, J A et al. 2003) 
(Young, G J, Mohr, DC, Meterko, Metal. 2006). Adherence can be enhanced by 
combining multiple self-reinforcing strategies (Smith, W R 2000), based on different 
theories (Eccles, M, Grimshaw, J, Walker, A et al. 2005) (Grol, R P, Bosch, M C, 
89 
Hulscher, MEet al. 2007). Pay-for-performance (P4P) initiatives, the newest of these 
strategies, are likely to be more effective when combined with other strategies. Quality 
improvement programs might therefore combine practice guidelines, patient-based care, 
continuing medical education, academic detailing, reminders, provider auditing & 
profiling, feedback, public reporting, and P4P instead of relying on any single approach 
(Grol, R 2001). 
The purpose of this study was to examine the association of individual characteristics and 
attitudes of primary care physicians (PCPs) with their adherence to clinical guidelines in 
an incentivized managed care setting, after adjusting for prior behavior as well as practice 
and community covariates. 
NEW CONTRIBUTION 
Numerous studies have examined the factors associated with adherence to clinical 
guidelines in contexts where one or two quality measures were implemented. Few studies 
have examined the characteristics and attitudes of highly adherent practitioners in the 
context of a multi-faceted quality improvement program. We investigated provider 
attitudes associated with adherence in a highly incentivized managed care environment 
including an explicit quality-based pay incentive with a fmancial withhold for non-
adherence. The recent rise ofP4P initiatives raises the question of how attitudes to these 
new programs affect providers' adherence to evidence-based care. Our study addresses 
this emerging question. 
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CONCEPTUAL MODEL 
We adapted the theory of planned behavior (TPB) (Azjen, I 1991) (Godin, G and Kok, G 
1996) which states that work performance is directly predicted by behavioral intentions, 
which are in turn determined by work attitudes, social norms and perceived behavioral 
control (Azjen, I and Madden, T J 1986). Behavioral intention is the extent to which one 
is ready to engage in a particular behavior (Azjen, I and Fishbein, M 1980). We did not 
explicitly measure intentions because prior research (Bagozzi, R P and Yi, Y 1989) has 
shown that intentions do not significantly mediate attitude-performance relationships if 
formed without explicit deliberation, e.g. when tasks are clear-cut or when there is 
general agreement on the correct behavior. We assumed that PCPs considered the 
guidelines reasonable, clear, and appropriate, so intentions would not mediate the 
attitude-adherence association. 
The link between healthcare providers' work attitudes and their clinical behavior is 
supported by the literature (Foulke, G E, Bell, R A, Siefkin, AD et al. 1998) (Skootsky, S 
A, Slavin, Sand Wilkes, M S 1999). We defined attitudes as "beliefs around an object or 
situation predisposing one to respond in some preferential manner" (Rokeach, M 1969). 
Social norms are perceptions of the social pressures to perform or not to perform a 
behavior (Fishbein, M and Azjen, I 1975). Behavioral control is the perceived ease or 
difficulty of performing a specific behavior (Azjen, I 1988). Appendix A illustrates our 
conceptual framework. 
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STUDY DESIGN AND METHODS 
Study Setting: The study was conducted at one of the seven demonstration sites in the 
"Evaluation of Rewarding Results" project (Young, G J, Burgess Jr., J F and White, B 
2007), a collaborative P4P initiative that was formed as part of a capitated contract of 
care between Rochester Independent Practice Association (RIP A) and Excellus-Blue 
Cross/Blue Shield (Excellus-BCBS). This "Value of Care" initiative was started in 2000-
2001 as a competitive tournament scheme that ranked more than 600 RIP A physicians in 
solo and small practices according to their comparative performance (Young, G J, 
Meterko, M, White, Bet al. 2007) (Greene, R A, Beckman, H, Chamberlain, Jet al. 
2004) (Francis, D 0 , Beckman, H, Chamberlain, Jet al. 2006). 
Excellus-BCBS is a health insurer sponsoring the Blue Choice HMO product, which 
enrolled > 70% of the commercial (non-Medicare and non-Medicaid) population in the 9 
counties of Rochester, New York. RIPA is a multi-specialty Independent Practice 
Association (IP A) of> 3,500 physicians who contracted together to collectively care for 
betWeen 350-420,000 Excellus commercial HMO patients. Physician profiling was 
initiated in 1999, which included adherence to clinical guidelines as quality measures in 
primary care. Data on cost efficiency and patient satisfaction also were included in 
physician performance profiles. The program was funded through a 1 0% withhold from 
physician fees, any dollars accrued through a series of mutually agreed upon gain sharing 
programs, and an adjustment for increased costs due to mutually agreed upon new 
technologies . 
92 
Study Sample: The target population consisted of those PCPs who were eligible to 
participate in the RIP A value of care initiative on the basis of patient volume as well as 
other criteria and thus received an explicit financial reward for adhering to the clinical 
guidelines of between 1 and 4 medical conditions (asthma, diabetes, otitis media, or 
sinusitis). 597 RIPA physicians (152 family practitioners, 290 internists, and 155 
pediatricians) met this criterion and were mailed a survey regarding their attitudes toward 
P4P programs. 48.6% or 290 PCPs (70 family practitioners, 121 internists, 99 
pediatricians) returned questionnaires (Meterko, M, Young, G J, White, Bet al. 2006). 
We excluded physicians who did not focus on a specific disease condition in responding 
to the questionnaire (n =54), those who had focused on a condition for which they did not 
qualify to receive an explicit financial bonus (n =19), and those who focused on a 
reimbursable condition but lacked complete data on adherence in 2001 or 2004 (n =31 ). 
The fmal sample comprised 186 physicians ( 49 family physicians, 84 general internists, 
and 53 general pediatricians). Characteristics ofthe study sample are listed in Table 8 
below. 
Attitudes Survey: We obtained cross-sectional data on individual PCPs' perceptions of 
and attitudes toward managed care and quality targets in general, as well as their 
experience-based attitudes toward specific local quality targets and incentives, by means 
of a 65-item previously validated questionnaire (Meterko, M, Young, G J et al. 2006). 
Survey instructions directed internists and family practitioners to select the one condition 
of the four possible conditions (asthma, diabetes, otitis media, sinusitis) that was most 
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representative of their patient panel and practice setting, and for which they qualified to 
receive a financial bonus (Young, G J, Meterko, M, White, B et al. 2007). Instructions 
directed pediatricians to select whether otitis media or sinusitis was the most 
representative condition of their patient panel (Greene, R A, Beckman, H et al. 2004) 
(Francis, D 0 , Beckman, H et al. 2006) (Meterko, M, Young, G J et al. 2006), because 
asthma and diabetes were so uncommon in children that it was unlikely for any 
pediatrician to select it as a representative condition. Survey instructions directed 
respondents to base their responses to the subset of 26 items regarding their specific local 
P4Q experience on the quality guidelines and financial incentives for the representative 
medical condition they had selected. Survey responses were collected from 2002 to 2004. 
Clinical and Demographic Data: Administrative data from RIP A yielded information 
on characteristics of the clinical practice and on the PCPs' adherence to clinical 
guidelines. Data on community demographics were obtained by linking the zip code for 
each practice location to the U.S. Census Bureau's 2000 population census data. The 
population characteristics were a proxy for patient sociodemographics, data that was 
unavailable from RIP A. Since the study setting was primary care, population 
characteristics were assumed to more approximately resemble those of the physicians' 
outpatient clients than would be the case in an inpatient setting. 
Main Outcome: The dependent variable was individual PCP adherence to clinical 
guidelines in 2004 for the representative medical condition, i.e. percentage of services 
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delivered out of those expected according to the care pathway for the medical condition 
chosen as the focus for the survey. For diabetes, these care quality measures were 
employed: urine microalbumin screening, two annual glycohemoglobin (HbA1c) tests, 
one annual LDL cholesterol measurement, influenza vaccination, and an annual dilated 
eye (fundoscopy) exam (Young, G J, Meterko, M, Beckman, H et al. 2007). Quality of 
asthma care was assessed by these HEDIS-like measures: 2: 2 controller medications 
filled in the measurement year, influenza vaccination, 2: 1 spirometry exam, no ~2 agonist 
given without controller medications, no emergency room (ER) visits, and no 
hospitalizations with asthma as a primary diagnosis. Quality of Otitis media care was the 
compliance with a local adaptation of the 1994 Agency for Healthcare Research and 
Quality (AHRQ) guidelines for Otitis media with effusion and 1999 CDC guidelines for 
acute Otitis media (Francis, D 0 , Beckman, H et al. 2006). Quality of sinusitis care was 
measured by the lack of use of inappropriate antibiotics, in keeping with a local Sinusitis 
Care Pathway (Greene, R A, Beckman, H et al. 2004) that was adapted from the Sinus 
and Allergy Health Partnership Guidelines (Sinus and Allergy Health Partnership 2000). 
Appendix E details the formula for calculating guideline adherence rates. The 
distribution of percent adherence in 2004 tended to break into high, medium, and low 
groups, and we modeled the outcome as a binary variable with the top adhering tertile 
compared to the bottom two. 
General Attitudes: An exploratory factor analysis (principal components analysis with 
varimax rotation) of 12 questionnaire items about general attitudes toward quality 
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incentives was conducted to identify possible latent variables that could be represented 
more efficiently by multi-item scale scores (Tabachnik, B G and Fidell, L S 2007). The 
criteria for determining the extractable factors were an Eigenvalue> 1.0 and Catell's 
scree test. Four orthogonal factors were initially retained (variance explained by each 
factor ranged from 2.32 to 1.50; total commtmality=7.18). Items with factor loadings 2: 
0.50 on these 4 factors were averaged to yield 4 preliminary 'general attitude' scales. The 
reliability and validity of these preliminary scales were tested by multi-trait analysis 
(Hays, R D and Hayashi, T 1990) and only 2 scales were found to be viable: general 
effectiveness, and overall utility or usefulness of quality-based incentives. The 
psychometric properties of these two scales are reported in Appendix B. Effectiveness is 
the belief that quality targets and explicit incentives can cause providers to follow best 
practice guidelines more faithfully and thereby improve the health of their patients. 
Utility or usefulness is the perception that quality benchmarks, performance measurement 
and incentives would in fact benefit patient health if they were accurately and faithfully 
implemented. We also modeled 3 additional general-attitude items that did not fit with 
either of the two scales described above: Q4 (general awareness and familiarity with 
quality incentives), Q6 (potential of pay-for-quality incentives to inadvertently hinder 
overall patient care), and Q 10 (achievability of quality targets). The hindrance item (Q6) 
and those comprising the unintended consequences scale were reverse-coded so that a 
higher score would indicate more favorable attitudes towards P4P incentives. 
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Experience-based Attitudes: The physician survey also provided scores on seven 
previously validated attitude scales based on the items concerning the specific quality 
targets and incentives associated with the representative medical condition selected by 
the respondent (Meterko, M, Young, G J et al. 2006) (Young, G J, Meterko, M, White, B 
et al. 2007). The impact scale measures physicians ' perceptions of how much their 
clinical behavior had changed in response to the quality targets and incentives; clinical 
relevance measures providers' beliefs that the targets are based on sound medical science 
and that achieving them meaningfully improves patients ' health; awareness and 
understanding measures providers' beliefs that they understand the clinical guidelines 
and the manner of distributing P4P bonuses; cooperation measures providers' beliefs that 
they can obtain the cooperation of peers and ancillary staff in achieving the quality 
targets; 'unintended consequences' measures the belief that efforts to adhere to the 
targeted clinical guideline(s) distracts from aspects of patient care; control measures 
providers' beliefs about the extent to which they have command over sufficient resources 
or can exert sufficient influence (e.g., over patient behavior) to enable them to meet the 
quality targets; and salience measures the belief that financial bonuses were sufficient 
and appropriately compensated providers for the time, energy, effort, and money invested 
in achieving quality targets. 
Autonomy Scales: The provider survey included 14 items about the relationship of each 
PCP to their IP A (RIP A) and health plan (Excellus-BCBS). An exploratory factor 
analysis of these items retained 2 factors (criteria: minimum Eigenvalue 2: 1.0, Scree 
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test). The variance explained by each factor was 4.17 and 3.85 respectively (total 
communality= 8.02). Items loading > 0.50 on each factor were summed and averaged to 
form 2 scales indicating autonomy from the local IP A and autonomy from the HMO 
respectively. Appendix C lists the psychometric properties of two 6-item scales: 
autonomy from RIP A and autonomy from Excellus/BCBS. Items Q48 "RIP A interferes 
with clinical decision making" and Q56 "Excellus-BCBS interferes with clinical 
decisions" were reverse coded so that higher scores would indicate greater autonomy. 
Contextual Variables: We included contextual variables reported in the literature, e.g. 
PCP demographics, practice type, community factors, job satisfaction and autonomy 
(Ubokudom, S E 1998) (Williams Jr, J W, Rost, K, Dietrich, A Jet al. 1999) (Meyer, C 
M, Ladenson, P W, Scharfstein, J A et al. 2000) (Shortell, S M, Zazzali, J L, Burns, L R 
et al. 2001) (Armstrong, D 2002) (McKinlay, J B, Freund, K and Moskowitz, M 2002) 
(Young, G J, White, B, Burgess, J F et al. 2005). PCP demographics examined were 
gender, specialty, academic I faculty appointment, years of post-residency experience, 
and number of active patients. Academic appointees were not necessarily "full time" 
faculty but included many clinicians with a part-time teaching role. Other physician-level 
variables were the representative disease condition, whether the PCP had received a 
financial bonus yet, and their job satisfaction. Job satisfaction was assessed by survey 
item Q60, "How satisfied are you with your clinical practice". Likert-style 7-point 
response scale (score 1 'not at all ', score 4 'neutral ', score 7 'very strongly'). 
Satisfaction was also formatted as a binary variable: satisfied (score > 4) versus not 
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satisfied (:S 4). Prior behavior predicts subsequent behavior (Bentler, PM and Speckart, 
G 1979). Adding prior behavior increases the TPB model's predictive power (Bagozzi, R 
P and Kimmel, S K 1995), so we included a baseline performance measure. 
Practice setting variables were the type (sole/single- versus multi-specialty), all-site 
practice size (count of physicians at all practice sites), site-specific practice size 
(physicians at the respondent's specific practice site), and location (urban versus rural). 
Community characteristics were the median age according to the 2000 Census, median 
2000 income, proportion below the 1999 poverty line, population density per square mile, 
and proportion of nonwhite (minority) race(s). 
Preliminary Statistical Analysis: The distributions of attitude scores, provider 
adherences, and other variables were characterized using means (±95% confidence 
limits) for continuous normal variables, medians for continuous non-normal variables 
(Ql , Q3), and frequencies(%) for categorical variables. Appropriate transformations 
were explored for variables with a skewed distribution. Analyses of variance (ANOVAs) 
were done to test associations between 2004 physician adherence category (top tertile, 
yes/no) and the continuous attitude scores and prior (2001) adherence. The means(± CI) 
ofthe attitude scores and prior adherence were analyzed by PCP category using the 
Student' s t-test with Tukey's correction for multiple group comparisons. Chi-square test 
of proportions (or Fisher' s exact as indicated) assessed associations between PCP 
specialty, post-residency duration category, gender, academic appointment, practice size, 
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community characteristics, and performance category. Pearson's correlations and simple 
linear regressions tested associations between provider attitudes and adherence rates. 
Appendix D tabulates all of the univariate correlations. 
Multivariate Modeling: Multivariable analyses were conducted using logistic 
regression. The 2004 binary performance category was regressed on one category of 
predictors at a time, i.e. physician demographics, practice variables, community 
characteristics, baseline (200 1) adherence, and physician attitudes. The significance rule 
for variable selection was relaxed (p < 0.20) for community characteristics since data on 
these variables was not obtained by primary data collection from the study sample. The 
results from these analyses by category were compared with those from univariate 
logistic regressions of the binary outcome on each individual predictor. Variables from 
each predictor category that were significantly associated (p < 0.1 0) with 2004 
performance category in both the "by category" and "variable-by-variable" screening 
analyses were entered into a multivariable logistic regression. This final model was 
refined by eliminating non-significant variables that could be dropped while maintaining 
conceptual validity. Two models were compared, one including only the significant 
variables from each predictor category as selected by the procedure just described, and 
another in which all of the physician attitudes were retained. We employed Statistical 
Analysis Software (SAS) version 9.1.3 from SAS Inc. (Cary, NC) for all analyses. 
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LOGISTIC and GENMOD (specifying a binomial distribution and logit link function) 
were the procedures for multivariable modeling. 
RESULTS 
Of the 186 PCPs in the sample, over two thirds ( 69%) were male, just under one half 
(45%) were internists, two thirds (67%) had academic appointments, just over one third 
(37%) had >20 years post-residency experience (suggesting an age> 45), and one third 
(32%) cared for a patient panel size above the recommended average(> 2,500 patients) 
(Murray, M and Tantau, C 2000). Almost two thirds (n=120, 64.5%) selected diabetes as 
the medical condition representative of their patient panel and thus focused their survey 
responses on P4Q incentives for adhering to diabetes care. Another 26.3% of physicians 
focused on Otitis media, and 9.1% on sinusitis. Ofthose who focused on diabetes, 36.7% 
were family physicians and 63.3% were general internists. As expected, none of the 
general pediatricians focused on diabetes. Conversely, ofthose who focused on Otitis 
media, 95.9% were general pediatricians. One third of the PCPs had received a P4P 
bonus by the time they were surveyed. The mean job satisfaction score was 4.98 on a 7-
point scale; 73% of physicians were satisfied (score >4) with their practice. Details 
regarding respondent demographics, practice-level variables and community 
characteristics stratified by performance category are reported in Table 8. 
The mean adherence to evidence-based guidelines for the representative disease condition 
was 59% in 2001 and 55% in 2004. Table 9 reports the distribution of the physician 
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attitudes for the overall sample and stratified by 2004 adherence tertile. The ANOV As 
showed that most attitudes had no significant univariate association with adherence. 
Achievability (question 1 0) had a significant and positive univariate association with 
adherence category (Tukey's test showed a significant difference between the lowest and 
middle adherence tertiles). Autonomy from the HMO was inversely associated with 
adherence, i.e. PCPs who perceived themselves as more autonomous were less adherent 
to evidence-based care. The most significant difference in mean perceptions of autonomy 
was between the lowest and highest adherence tertiles. Perceived control had a 
marginally significant negative univariate association with adherence, i.e. physicians with 
greater control were less adherent to guidelines. 
Table 10 reports the results of both the univariate and fust multivariate logistic 
regression rnodels of the highest adherence tertile. These variables had a significant 
univariate association with greater odds oftop-tertile adherence: higher baseline 
adherence, non-pediatrics specialty, a focus on diabetes as the representative condition, 
lower job satisfaction, and less autonomy from the HMO. The first multivariable logistic 
regression reveals that the factors most strongly associated with the odds of highest tertile 
adherence, independent of all attitude and autonomy variables, were baseline adherence 
(Odds Ratio 1.1 ), non-pediatrician specialty (OR=26.5), financial salience (OR =4.3), 
cooperation from peers (OR=2.4), autonomy from the HMO (OR=0.3) and perceived 
control (OR=0.5). Once we adjust for physician attitudes, the representative medical 
condition on which the survey responses were focused is not statistically significant, 
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suggesting that the fmdings are generalizable across various primary care quality targets 
or disease entities. 
Table 11 shows the final predictive multivariable logistic regression model incorporating 
only variables that were statistically significant in preliminary analyses. Adjusting for 
non-pediatrics specialty and baseline adherence, provider attitudes most predictive of the 
highest adherence tertile were: financial salience (adjusted OR=3 .6), cooperation from 
peers (adjusted OR=2.0), perceived control (adjusted OR=0.5); and autonomy from HMO 
(adjusted OR=0.3). A unit increase in the perceived financial salience ofP4P incentives 
was associated with a more than three-fold average increase in the odds of being a top 
adherer to clinical guidelines, after controlling for specialty, prior adherence, and 
attitudes. A unit increase in cooperation doubled the independent odds of being in the 
highest adherence tertile. For every unit increase in control, on the other hand, there was 
a halving of the odds of being in the highest adherence tertile, independent of specialty, 
previous adherence, and significant attitudes. Increased autonomy from the HMO was 
associated with lower odds of being a top adherer, independent of specialty, prior 
adherence, and P4P attitudes. If the representative disease category (diabetes versus 
other) is forced into this final model, the parameter effect size changes minimally but the 
directionality is unchanged (cooperation becomes marginally insignificant). 
DISCUSSION 
We set out to examine the association of individual provider characteristics, especially 
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their attitudes toward incentivized quality targets, with their level of adherence to those 
targets. We measured provider adherence to clinical guidelines, practice-level covariates 
and community characteristics in an environment where various quality incentives were 
being implemented. We hypothesized that once we had accOtmted for medical specialty, 
baseline adherence, as well as the practice and community environment, more favorable 
attitudes toward P4P would be associated with greater adherence to clinical guidelines. 
According to our TPB model, after accounting for medical specialty and guideline 
adherence at baseline, belonging to the most adherent category of providers was 
significantly associated with fmancial salience (a personal attitude), cooperation from 
peers (a social norm), low perceived control and low perceived autonomy from the HMO 
(behavioral control factors) . 
Our study's finding of a mean adherence rate of 55% was very similar to published 
national estimates of the proportion of patients receiving recommended healthcare 
(McGlynn, E A, Asch, S Metal. 2003) (Asch, S M, Kerr, E A et al. 2006). Halm and 
colleagues found physician adherence rates of 56.4% on a clinical practice guideline to 
pneumonia (Halm, E A, Atlas, S J, Borowsky, L H et al. 2000), and Cabana et al reported 
adherence rates by pediatricians to asthma guidelines between 39 and 53% (Cabana, M 
D, Rand, C S, Becher, 0 Jet al. 2001). Wide variability exists in compliance with care 
guidelines. Research on the reasons for such unwarranted intra-community differences in 
care is still in its infancy. 
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Prior Behavior: As expected, baseline adherence was significantly associated with 
adherence to recommended care. The odds oftop-tertile adherence increased by 0.09 for 
every 1% greater baseline adherence, independent of physician characteristics and 
attitudes. Being a top adherer before the initiation of a P4Q program was a statistically 
significant predictor of achieving a quality target after the initiation. Tradeoffs exist 
between rewarding providers for achievement of a quality-of-care target or for significant 
improvement in adherence to guidelines. Rewarding providers for hitting a target ensures 
a specific minimum level of care (Nolan, T and Berwick, D M 2006). Such an ali-or-none 
threshold model, however, rewards those who were already top performers before the 
external incentive was initiated, and could demoralize lower adherers from improving 
(Hayward, R A 2007). The marginal benefit of reaching a quality target, when the 
provider is already near, at, or above the target, is unclear. Further research into 
adherence under hybrid incentive models that reward providers either for improving or 
for meeting the target is required. 
Personal Attitudes: A unit increase in financial salience was associated with a 3.6-fold 
multiplicative increase in the odds of being a top adherer to clinical guidelines, after 
controlling for specialty, baseline adherence, and other attitudes. The importance of 
financial salience is highlighted by other studies too. Respondents to surveys of diabetes 
care among Medicare beneficiaries identified poor provider reimbursement and 
insufficient time as barriers to care quality (Drass, J, Kell, S, Osborn, M et al. 1998). 
PCPs who are more dependent on Medicaid for their revenue are less likely to provide 
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geriatric healthcare (Pham, H H, Schrag, D, Hargraves, J Let al. 2005). When P4P 
bonuses are collected by an IP A, medical group, or practice, the direct benefit to the 
provider might be less vivid (Bokhour, B G, Burgess Jr., J F, Hook, J Metal. 2006), 
reducing the salience to the provider and the effectiveness of the P4P. Financial bonuses 
ought to be vividly experienced by the providers from whom change is desired in order to 
maximize their impact. The financial consequences of nonadherence to care should be 
made very clear to those being incentivized. 
Subjective Norms: After adjusting for attitudes to quality targets and physician-level 
factors, a unit increase in the perceived cooperation of peers doubled the odds of being in 
the most adherent one-third of providers. The significant association between peer 
cooperation and physician behavior in our study is supported by other studies (Eisenberg, 
J M, Kitz, D Sand Webber, R A 1983) (Larme, A C and Pugh, J A 1998). Provider 
adherence to guidelines is enhanced by positive interaction with supportive colleagues. 
Perceived lack of support from peers is a barrier to compliance with quality targets. 
Quality improvement strategies should maximally engage physician champions and 
opinion leaders to rally providers behind the quality incentive program. 
Perceived Behavioral Control: There was a reduction by one half in the odds of being 
in the most adherent category for every unit increase in perceived control, independent of 
non-pediatrics specialty, baseline adherence, and significant attitudes. Greater autonomy 
from the local HMO was also associated with lower odds of being a top adherer, after 
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accounting for provider specialty, prior adherence, and attitudes to P4Q. These findings 
are contrary to what might be suggested by the principal-agent theory (Eisenhardt, K M 
1989) namely that providers would act to maximize their individual rewards. They also 
contradict the cognitive evaluation theory (Deci, ELand Ryan, R M 1991) which 
predicts that individuals with greater control would be intrinsically motivated to complete 
tasks, without requiring any further extrinsic motivation. One explanation might be that 
providers who perceived that they had greater control and autonomy might have 
underestimated the difficulty of adhering to guidelines and consequently been less 
vigilant in pursuing quality targets. We termed this the laxity hypothesis. Another 
possible explanation is that perceptions of control among less adherent providers might 
be inflated representations of their actual control. Less adherent providers might have a 
less realistic sense of how much external factors limit their behavior (reality hypothesis) 
(Madden, T J, Ellen, P Sand Azjen, I 1992). A third explanation might relate to the 
stages in the process of provider acceptance of quality incentives. New P4P programs 
might elicit reactions similar to the stages of death, i.e. denial, followed by anger, 
bargaining, and then, potentially, acceptance (Beckman, H B, Suchman, A L, Curtin, K et 
al. 2006). Our cross-sectional survey could not determine what point the reported 
attitudes represented on the pathway to acceptance. Some respondents were probably in 
early stages of denial or anger, which might have been reflected in their attitudes to 
incentives. 
The most convincing explanation for the inverse autonomy-adherence association fits the 
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motivation crowding theory, which suggests that external interventions often crowd out 
intrinsic motivation among providers by impairing self-determination and self-esteem 
(crowding-out effect) (Frey, B S 1997) (Frey, B Sand Jegen, R 2001). Highly 
autonomous providers might have perceived the P4P incentives as coercive and 
detrimental to their self-esteem and self-determination (Deci, E 1995), and devaluing of 
their intrinsic motivation to do what is right on their own (Kohn, A 1999). The inherent 
judgment imposed by performance rankings might be perceived as an attempt to employ 
fear of humiliation to motivate compliance (Beckman, H B, Mahoney, T and Greene, R A 
2007). Such a shift of locus of control from inside to outside could lead to reduced work 
effort (Frey, B Sand Jegen, R 2001). Policy makers should engender "ownership" and 
"buy-in" among providers so that quality incentives are not perceived as being imposed 
from outside. Strategies to safeguard intrinsic motivation might include early, frequent 
consultations with providers before instituting clinical guidelines, and inclusion of their 
input. Providers should verify their adherence scores before they are "profiled", to ensure 
that they agree with the accuracy of the audits. Quality measures should be reliable, valid 
and transparent. Providers should be convinced that these are valid measures of 
adherence, and not indices of documentation, for instance. A "partnership model" might 
be more suited to intrinsically motivated providers than a compliance-centered approach 
(Thomas, K W 2000). Further research might examine integration ofP4P into such a 
model. 
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Other Attitudinal Variables: Our failure to detect an association between adherence 
and general attitudes as well as some specific experience-based attitudes was contrary to 
other studies. The perceived ineffectiveness of quality targets was found, by internists, to 
be a significant barrier to mammography screening in one study (Taylor, V M, Montano, 
DE and Koepsell, T 1994). Most internists in a national survey believed that quality-
based incentives divert attention from important but non-monitored types of care 
(Casalino, L P, Alexander, G C, Jin, Let al. 2007). An equally plausible hypothesis is 
that carefully selected quality measures and incentives could divert provider attention 
from less important clinical or non-clinical activities towards more valid outcomes. 
Provider Specialty: Even though specialty was confounded with adherence to some 
degree, the significance of provider specialty as a predictor of clinical behavior is 
consistent with previous studies. For instance, depression care is more significantly 
associated with specialty than with the type of depression or method of reimbursement 
(Williams Jr, J W, Rost, Ketal. 1999), or patient factors (McKinlay, J B, Freund, Ketal. 
2002). Provider specialty is associated with prescribing habits (Mainous, A G, Hueston, 
W J and Love, M M 1998) (Tamblyn, R, McLeod, P et al. 2003) (Patel, N C, Crismson, 
M L, Hoagwood, Ketal. 2006). Our fmdings highlight the importance of specialty-level 
variations in care quality (Francis, D 0 , Beckman, H et al. 2006). These could be due to 
different practice cultures (Rosen, D 1995) (Jorm, C and Kam, P 2004) (Boulis, A K and 
Long, J 2002) resulting from professional socialization (Eisenberg, J M, Kitz, D S et al. 
1983), or from specialties attracting trainees with different attributes (Linn, B A and 
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Zeppa, R 1980). Future studies should investigate entry-level attributes of providers 
versus learned behavior resulting from professional socialization so as to clarify how P4P 
incentives might take specialty differences into account. 
Other Provider Demographics: The relative non-significance of physician gender, 
years of clinical experience, and academic faculty status in this study suggests that 
attitudes such as financial salience, cooperation from peers, control and autonomy are 
more immediate predictors of adherence than physician demographics. Demographics 
might contribute more distally to development of attitudes, which in turn are more 
proximal influences on provider adherence. Numerous studies support a link between 
provider demographics and their attitudes. Community-based physicians are less 
negatively disposed towards managed care than academic faculty physicians (Foulke, G 
E, Bell, R A et al. 1998). In a mixed-model HMO, network physicians were more 
opposed to quality incentives than group model physicians (Schectman, J M, Elinsky, E 
G, Kanwal, N K et al. 1995). Duration of post-residency experience also influences 
attitudes to quality targets (Halm, E A, Causino, N and Blumenthal, D 1997). Board-
certified physicians are more favorably disposed towards preventive care (Sharp, L K, 
Bashook, P G, Lipsky, M Setal. 2002). As P4P programs are rolled out, there are 
concerns that rural and urban physicians will be differentially influenced due to practice 
location. Although our sample did not blend Medicaid, commercial and Medicare data, 
our findings suggest that for commercial programs, demographics are less influential that 
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would be predicted. This supports creating programs with broader distribution and the 
incorporation of similar targets across practices with varied demographic profiles. 
Practice Context: The relative non-significance of practice size, type, and setting in our 
study suggests that salience, cooperation, control and autonomy are more directly 
associated with adherence than are practice factors. Practice size has been associated with 
provider attitudes towards reimbursement strategies in other studies (Ubokudom, S E 
1998) (Chiyarath, H T 2006), and with improved outcomes. Larger practices are more 
likely than smaller ones to monitor and report care quality (Audet, AM, Doty, M M, 
Shamasdin, J et al. 2005). The practice, group or system might be a more effective level 
of intervention for quality improvement efforts than the individual physician (Greene, R 
A, Beckman, H B, Partridge, G H et al. 2006). A recent study (Tollen, L 2008) found 
practice cohesion, scale and affiliation to be the most significant predictors of the 
successful delivery of improved healthcare quality and efficiency. This observation has 
face validity because of the need to offer support services to busy practitioners. 
Information technology, QI staff, and training resources are less available to small 
practices than those owned by or affiliated with larger systems of care. Small independent 
practices may not after all be the most effective way to deliver personalized, patient-
based care, even in rural settings. 
STRENGTHS AND LIMITATIONS 
A major strength of this study was its use ofboth theoretical and empirical analysis to 
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improve understanding of physician adherence to guidelines. Use of existing 
psychosocial theories provided a framework for identifying various likely influences on 
provider adherence. The availability of survey data on a wide range of beliefs, 
perceptions, and attitudes made it possible to link the subjective perceptions of physicians 
to their objectively measured adherence to clinical guidelines, while accounting for 
individual and practice characteristics. The study setting enabled us to take advantage of 
the sequential rollout of multiple explicit measures to enhance provider adherence to 
care. Widespread agreement (79.6% overall, 83.7% among family physicians, 86.9% 
among internists, 64.2% among pediatricians) that quality targets are good for patients 
(scores 2:4 on Q38 item) supports our assumption that the guidelines were not 
controversial and behavioral intentions were less explicit in our sample (Bagozzi, R P and 
Yi, Y 1989). 
Our study had several limitations. Selection bias due to differences between survey 
respondents and nonrespondents is possible. Lack of survey data from nonrespondents 
made it impossible to compare their attitudes with those of respondents. In an earlier 
study we compared respondents and nonrespondents, and found significant but small 
differences on specialty and practice size (Meterko, M, Young, G J et al. 2006), but 
neither factor was associated with attitudes among respondents. Selection bias might also 
result from differences between respondents excluded from the study sample (n=l04) and 
those who were included. We found no differences in mean attitude scores but non-
participants had slightly higher proportions of pediatricians, PCPs >20 years post-
112 
residency, multi-specialty practices, and practices in > 20% minority-race neighborhoods. 
Non-p~diatric specialty was associated with adherence in this study but medical specialty 
and the category of representative medical condition were correlated. 
Differences in the ease of adhering to guidelines for different diseases, rather than 
medical specialty, might therefore account for some of the observed differences in 
adherence. However, adjusting for the representative condition did not change the 
directionality of our findings, although it minimally altered parameter effect sizes. 
Unavailability of patient-level data precluded an assessment of the impact of 
comorbidities, which influence treatment targets (Pogach, L M, Tiwari, A, Maney, M et 
al. 2007). We employed zip code-level community characteristics as a proxy for 
outpatient demographics but found no significant association with provider attitudes or 
guideline adherence. Since neither community variables nor the representative condition 
remained significant after we accounted for provider attitudes and specialty, there was no 
evidence that our findings were not generalizable to other primary care I outpatient 
settings, or to care for other medical conditions. The study was in a high-penetration 
employer-supported HMO setting and generalizability might be limited to similar 
settings. External validity might also not extend to more specialized or inpatient or 
Medicaid and Medicare settings. The accuracy of administrative adherence data could 
have been compromised by variability in coding standards due to varying reimbursement 
considerations. 
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CONCLUSION 
In a multivariable logistic regression adjusting for medical specialty and previous clinical 
behavior, providers who perceived the financial rewards for achieving quality targets to 
be adequate and who felt that they had the support they needed from peers and other staff 
in the patient-care process were significantly more likely to have higher actual adherence 
to clinical guidelines. Perceptions of control and autonomy from their HMO, on the other 
hand, were negatively associated with adherence. That the more highly autonomous 
providers appeared less motivated to improve adherence to recommended care may 
reflect their perceptions of incentivized quality targets as coercive and/or intrusive. 
Implementation of quality targets and P4P incentives should include engagement 
strategies to increase "buy-in" among intrinsically motivated providers who are skeptical 
of perceived infringements on their clinical autonomy. Future research should clarify 
further the longitudinal evolution of provider attitudes, the source of specialty-level 
variations, and the role of autonomy from patient and systemic influences. 
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Table 8: Descriptive Characteristics of the Study Sample 
Variable Lowest Medium Highest Overall 
Performers Performers Performers Sample 
(n=61) (n=64) (n=61) (n=186) 
Male Gender (%) 50.82 81.25 73 .77 68.82 
Primary Care Specialty (%) 
• Family Practitioner 8.20 42.19 27.87 26.34 
• General Internist 9.84 54.69 70.49 45.16 
• General Pediatrician 81.97 3.13 1.64 28.49 
Faculty Appointment(%)* 75.41 67.19 60.66 67.74 
>20 Yrs Post-Residency(%)* 36.07 32.81 40.98 36.56 
Active Patients > 2,500 (%) 18.03 46.88 31.15 32.26 
Practice Location (% )* 
• Urban or Suburban 86.89 82.81 86.89 85.48 
Practice Type(%) 
• Single specialty 77.05 92.19 83 .61 84.41 
• Multi-specialty 22.95 7.81 16.39 15.59 
Practice Size (%) 
• < 5 MDs at all practice sites 65 .57 70.31 70.49 68.82 
Practice Setting (%) 
• < 5 MDs at specific site 73.77 87.50 75.41 79.03 
Received Bonus Money(%)* 34.43 34.38 31.15 33.33 
Satisfied with Practice (% )* 81.97 73.44 63 .93 73 .12 
Catchment Population (%) 
• > 15% below poverty line* 21.31 15.63 16.39 17.74 
• Median Income >$60,000* 34.43 23.44 26.23 27.96 
• > 1,900 people/square mile* 31.15 25.00 36.07 30.65 
• > 20% Non-white Race(s)* 14.75 9.38 11.48 11.83 
• Median Age >41 years* 24.59 17.19 31.15 24.19 
% Patient Satisfaction >95% 75.41 48.44 50.82 58.06 
2001 Guideline Adherence%* 59.29 54.19 63 .10 58.78 
[Mean (95% em (55.47,63.11) (51.05,57.32) (60.36,65.84) (56.86,60.71) 
2004 Guideline Adherence % 25.90 61.22 76.97 54.80 
I [Mean (95% em (23.36,28.44) (59.79,62.65) (75 .13,78.80) (51.53 ,58.07) 
Representative Medical 
Condition [Survey Focus](%) 
. Diabetes 11.48 85.94 95 .08 64.52 
• Otitis Media 77.05 3.13 0.00 26.34 
• Sinusitis 11.48 10.94 4.92 9.14 
* p<O.lO 
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Table 9: Physician Attitudes to Quality Targets and Pay-for-Performance (P4P) Incentive 
Variable (Mean± SD) Lowest Medium Highest Overall 
Performers Performers Performers Sample 
(n=61) (n=64) {n=61) (n=186) 
Personal Attitudes 
• Awareness I Familiarity 3.20 (±1.01) 3.47 (±0.94) 3.24 (±1.08) 3.30 (±1.02) 
• Awareness I Understanding 2.79 (±0.70) 2.96 (±0.74) 2.76 (±0.74) 2.84 (±0.73) 
• Financial Salience 2.24 (±0.64) 2.11 (±0.65) 2.29 (±0.73) 2.21 (±0.67) 
• General Effectiveness 2.41 (±0.51) 2.40 (±0.47) 2.46 (±0.48) 2.42 (± 0.48) 
• Impact 2.52 (±0.67) 2.58 (±0.71 ) 2.57 (±0.60) 2.56 (±0.66) 
Subjective/Social Norms 
• Cooperation from peers 2.93 (±0.72) 2.87 (±0.67) 2.98 (±0.66) 2.93 (±0.68) 
• Fairness (Q44) 2.90 (±1.03) 2.87 (±0.91) 2.80 (±0.92) 2.86 (±0.95) 
• Overall Utility I Usefulness 3.12 (±0.48) 3.18 (±0.49) 2.98 (±0.66) 3.16 (±0.52) 
• Clinical Relevance 3.33 (±0.90) 3.55 (±0.78) 3.55 (±0.72) 3.48 (±0.80) 
Perceived Behavioral Control 
• Achievable (Q10)*** 3.51 (±0.87) 3.02 (±0.90) 3.32 (±0.92) 3.28 (±0.91) 
• Control* 2.91 (±0.89) 2.66 (±0.87) 2.57 (±0.72) 2.71 (±0.84) 
• Lack of Difficulty (Q25r) 3.33' (±0.91) 3.20 (±0.93) 3.18 (±0.91) 3.24 (±0.92) 
• No Hindrance to Care (Q6r) 3.26 (±0.98) 3.30 (±1.06) 3.19 (±1.02) 3.25 (±1.02) 
• Unintended Consequences 3.68 (±0.86) 3.69 (±0.84) 3.48 (±0.80) 3.61 (±0.84) 
• Autonomy from RIP A 3.47 (±0.72) 3.30 (±0.73) 3.27 (±0.81) 3.35 (±0.76) 
• Autonomy from BCBS*** 3.17 (±0.68) 2.98 (±0.69) 2.74 (±0.76) 2.96 (±0.73) 
* p<O.lO for F-stattst1c (Welch's ANOVA), **p<0.05, ***p<0.01; 
Tukey's test indicates statistically significant difference in means between bolded values. 
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Table 10: Logit Regression of Uppermost Adherence to Clinical Guidelines (All 
Attitude & Autonomy Scales Included) 
Variable Unadjusted Odds Ratio Adjusted Odds Ratio 
(95% Confidence Interval) (95% Confidence Interval) 
Physician Characteristics 
Non-Pediatrician Specialty 42.71 (5.74, 317.92) 34.56 (1.90, 627.28) 
Survey focus on Diabetes 19.65 (5.85, 66.03) 4.98 (0.66, 37.45) 
2001 Adherence to Guidelines 1.04 (1.02, 1.07) 1.11 (1.05, 1.17) 
Job Satisfaction 0.77 (0.60, 0.98) 0.90 (0.59, 1.37) 
Personal Attitudes 
Awareness I Familiarity (Q4) 0.91 (0.68, 1.23) 0.91 (0.53, 1.53) 
Awareness and Understanding 0.80 (0.53, 1.22) 0.64 (0.25, 1.61) 
Financial Salience 1.30 (0.82, 2.06) 5.20 (1.85, 14.63) 
General Effectiveness 1.05 (0.94, 1.17) 1.18 (0.96, 1.46) 
Impact 1.06 (0.66, 1.68) 0.48 (0.18, 1.24) 
Subjective/Social Norms 
Clinical Relevance 1.19 (0.80, 1.76) 0.64 (0.25, 1.67) 
Cooperation from Peers 1.21 (0.76, 1.92) 2.43 (1.02, 5.80) 
Fairness (Q44) 0.91 (0.66, 1.26) 0.74 (0.36, 1.52) 
Overall Utility I Usefulness 1.02 (0.92, 1.13) 0.93 (0.76, 1.14) 
Perceived Behavior Control 
Achievable (Q10) 1.08 (0.77, 1.51) 1.49 (0.83, 2.68) 
Control 0.74 (0.51, 1.07) 0.49 (0.23, 1.04) 
Lack of Difficulty (Q25r) 0.91 (0.65, 1.27) 1.47 (0.77, 2.81) 
No Hindrance to Care (Q6r) 0.91 (0.68, 1.23) 1.45 (0.73 , 2.88) 
No Unintended Consequences 0.75 (0.52, 1.08) 0.53 (0.21 , 1.36) 
Autonomy from RIP A 0.81 (0.54, 1.22) 2.39 (0.81, 7.38) 
Autonomy from BCBS 0.53 (0.34, 0.83) 0.25 (0.09, 0.70) 
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Table 11: Predictive Logistic Regression Model of Uppermost Tertile of Adherence 
to Clinical Guidelines in 2004 (Including only variables statistically significant in 
preliminary analyses) 
Variable Parameter Profile Likelihood Chi-Square 
Estimate Adjusted Odds Ratio (p value) 
(Standard (95% Confidence 
Error) Interval) 
Intercept -7.18 (1.85) 15.14 (<0.0001) 
Non-Pediatrician Specialty 2.14 (0.55) 72.78 (12.54, >999.9) 14.99 (0.0001) 
2001 Adherence to 0.088 (0.022) 1.09 (1.05, 1.14) 16.31 (<0.0001) 
Guidelines 
0.67 (0.35) 1.96 (1.01, 4.03) 3.71 (0.0541) 
Cooperation from Peers 
1.29 (0.40) 3.64 (1.71 , 8.41) 10.26 (0.0014) 
Financial Salience 
-1.24 (0.3 8) 0.29 (0.13, 0.59) 10.59 (0.0011) 
Autonomy from BCBS 
-0.63 (0.30) 0.53 (0.28, 0.95) 4.25 (0.0392) 
Perceived Control 
c-statistic = 0.876; Concordant= 87.5%; Discordant= 12.3%; Tied= 0.2%; 
Hosmer-Lemeshow Chi-square Goodness-of-Fit Test= 39.275 (df= 8, p = <0.0001). 
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Appendix A: Conceptual Framework e. PERSONAL ATTITUDES 
1 
Awareness and Familiarity 
a. PROVIDER DEMOGRAPHICS 
Gender 
Specialty 
Academic Faculty 
Years of Post-residency Experience 
Size of Active Patients Panel 
b. PRACTICE VARIABLES 
Location: Urban/Suburban vs. Rural 
Type: Single vs. Multiple 
Specialties 
Size: No. of MDs at All Locations 
Setting: No. of MDs at the Site 
c. CATCHMENT POPULATION 
Median Income I % Below Poverty 
Racial Minority Composition 
Population Density 
Median Age 
I IIJII Awareness and Understanding 
Financial Salience 
General Effectiveness 
Impact 
f. SUBJECTIVE I SOCIAL NORMS 
Clinical Relevance 
Cooperation from Peers 
Fairness 
Overall Utility I Usefulness 
I •I g. PERCEIVED BEHAVIORAL CONTROL 
Achievable 
I 
Control 
Difficulty 
Hindrance to Overall Care 
Unintended Consequences 
Autonomy from Practice Association 
Autonomy from Health Plan 
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Appendix B: Multitrait Analysis of General Provider Attitudes: Item Descriptive Statistics & Pearson Item-Scale 
Correlations 
Scale I Items Y Percent Percent Cronbach 's a Cronbach's a Mean (SD) Effective- Overall 
Floor Ceiling if item is ness b Utility b 
deleted 
General Effectiveness 0 .0 2.8 0.77 
Q1 Physicians should be rewarded when 0.76 3.99 (0.94) 0.46 0.29 
they provide higher quality care 
Q2 Financial incentives are an effective 
way to improve quality of healthcare 0.66 3.34(1.19) 0.66 0.40 
Q3 Financial rewards are more effective 
incentives than nonfinancial rewards 
Q12 Financial incentives most effective 0.66 3.34 (1.10) 0.65 0.24 
when linked to individual 
performance 
0.75 3.49(1.08) 0.50 0.12 
Overall Utility I Usefulness 0.7 2 .1 0.74 
Q5 Financial incentives aside, reaching 0.71 3.89 (0 .94) 0.32 0.47 
quality targets is good for patients 
Q7 Physicians have a professional 
responsibility to measure the 0.72 3.97 (0.84) 0.24 0.42 
outcomes of their care 
Q8 Feedback on performance helps 
physicians to improve the quality of 0.64 3.86 (0.90) 0.22 0.65 
patient care 
Q9 The primary motivation for 
performance measures is to improve 0.69 3.57 (1.14) 0.19 0.53 
quality of patient care 
Q 11 It is informative for physicians to 
compare their performance with that 0.70 3.74 (0 .78) 0.26 0.48 
of their peers 
Effectiveness-Utility Inter-scales Correlation = 0.34 
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Appendix C: Multitrait Analysis of Autonomy Scales: Item Descriptive Statistics and Pearson Item-Scale Correlations 
Scale I Items r Percent Percent Cronbach's Cronbach's a Mean (SD) Autonomy Autonomy 
Floor Ceiling (l if item is from RIPA 8 fromHM0 8 
deleted 
Autonomy from Rochester IP A 1.1 1.1 0.89 
Q36 IP A seeks to maintain good 0.87 3.64 (0.93) 0.73 0.46 
relationships with practitioners 
Q4 7 IP A wants to help me to take better 0.87 3.67 (0.84) 0.73 0.51 
care of my patients 
Q48 (reverse) IPA interferes with how I 0.86 3.14 (0.98) 0.74 0.46 
care for my patients 
Q49 IP A understands my situation and 0.86 2.76 (1.00) 0.76 0.56 
needs as a practitioner 
Q50 IPA has confidence in my ability to 0.88 3.51 (0.90) 0.62 0.44 
provide quality care 
Q51 IP A encourages my questions and 0.88 3.35 (0.99) 0.66 0.42 
feedback about QI targets 
Autonomy from HMO 0.5 0.5 0.87 
Q54 HMO seeks to maintain good 0.83 3.03 (1.01) 0.50 0.77 
relationships with practitioners 
Q55 HMO wants to help me to take 0.85 3.37 (0.93) 0.42 0.68 
better care of my patients 
Q56 (reverse) HMO interferes with how 0.85 2.70 (0.95) 0.48 0.69 
I care for my patients 
Q57 HMO understands my situation and 0.84 2.47 (0.93) 0.48 0.72 
needs as a practitioner 
Q58 HMO has confidence in my ability 0.88 3.25 (0.89) 0.38 0.52 
to provide quality care 
Q59 HMO encourages my questions and 0.85 2.93 (0.90) 0.51 0.67 
feedback about QI targets 
Autonomy Inter-scales Correlation= 0.59; y =Bipolar 5-point items with responses ranging from "Strongly disagree to 
Strongly agree"; 8 =Item-Scale Correlations Corrected for Overlap. 
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Appendix D: Univariate Pearson Correlations of Clinical Performance and Provider Attitudes towards Managed Care 
Incentives 
Scale I Item '0 1 '04 effect utility Q4 Q6r Q l O aware control coop impact uc relevant salient Auto Auto. 
Adh. Adh. IPA HMO 
Perform ance 
2001 Adherence 1.00 
2004 Adherence 0.06 1.00 
General Attitudes 
Effectiveness Scale 0.09 0.07 1.00 
Utility Scale 0.17 0.03 0.38 1.00 
Q4:Familiarity 0.05 0.03 0.16 0.37 1.00 
Q6(rev): Hindrance 0.01 -0.02 0.35 0.42 0.18 1.00 
QlO: Achievable 0.24 -0.13 0.15 0.35 0.14 0.28 1.00 
Exper ience-based 
Attitudes 
Awareness 0.13 0.02 0.26 0.36 0.36 0.26 0.28 1.00 
Control 0.22 - 0.14 0.35 0.35 0.19 0.33 0.40 0.50 1.00 
Cooperation 0.04 -0.02 0.19 0.36 0.24 0.25 0.28 0.31 0.39 1.00 
Impact 0. 11 0.04 0.39 0.39 0.24 0.20 0.14 0.37 0.26 0.31 1.00 
Unint. Consequences 0.11 -0.08 0.28 0.42 0.19 0.67 0.23 0.41 0.42 0.28 0.07 1.00 
Clinical Relevance 0.26 0.12 0.40 0.58 0.27 0.38 0.31 0.50 0.39 0.40 0.34 0.46 1.00 
Financial Salience 0.04 -0.03 0.33 0.32 0.14 0.26 0.23 0.43 0.45 0.32 0.51 0.23 0.35 1.00 
Autonomy Scales 
Autonomy from IP A 0.18 -0.13 0.36 0.50 0.24 0.38 0.42 0.60 0.55 0.41 0.37 0.50 0.58 0.41 1.00 
Autonomy from 0.01 -0.19 0.26 0.32 0.07 0.21 0.23 0.39 0.34 0.29 0.26 0.33 0.30 0.38 0.59 1.00 
HMO 
-
Bolded numbers indicate that p < 0.05 for Pearson's Correlation Coefficient (r) . 
...... 
w 
0 
Appendix E: Calculation of Percentage Adherence Rates for the Clinical Care Guidelines 
Percent adherence to asthma or diabetes care guidelines was calculated as 100 X count of services delivered I count of services 
expected from the care pathway. 
% Adherence Rate [asthma or diabetes] = 100 X number of services delivered I number of services expected 
Non-adherence to otitis media or sinusitis care was the number of exceptions to recommended care per 100 episodes (Francis, 
D 0, Beckman, H et al. 2006). We calculated percent adherence to otitis media or sinusitis care by subtracting the exception 
rate (the proportion of non-adherence) from 1 and then multiplying by 100 . 
Exception Rate = Number of exceptions to recommended care I Number of opportunities to provide care 
% Adherence Rate [otitis media or sinusitis) = (1 -Exception Rate) X 100 
Appendix F: Quality Targets and Incentives Survey 
Dear Colleague: 
• You are being asked to participate in the following survey because you work in a 
setting that is involved in a demonstration project concerning improvement in patient 
care and the use of financial and non-financial incentive arrangements. We are 
working for the U.S. Department of Health and Human Services to conduct an 
evaluation of this demonstration project. 
• The survey asks for your opinions about a variety of practices in your workplace or in 
organizations you may work closely with. The survey also includes some 
demographic questions. Responses to these questions will allow us to identify factors 
that contribute to successful patient care improvement efforts. The survey should 
take approximately 15 minutes to complete. 
• There are no known risks for participating in this study. The study may inconvenience 
you in terms of the time or the effort that it takes to read and answer each of the 
questions. Also, we will request that you complete a follow-up questionnaire 
approximately 18 months after you complete the enclosed survey. The follow-up 
survey will contain most of the same questions contained in the enclosed survey. We 
are conducting the follow-up survey to assess possible changes in physician 
perceptions about quality improvement and incentive arrangements over time. 
• There are no financial benefits to you for participating in this study. We will provide 
your group with feedback from the survey that may be beneficial in planning quality 
improvement efforts. There are no costs and no payment to you or your organization 
for participating. 
• Taking part in this study is voluntary. Completing a survey indicates your consent to 
participate in the study. You may choose to end your participation in the survey at 
any time. Your responses to the survey will be strictly confidential. The questions do 
not focus on highly personal information. Information from this study may be used for 
research purposes and may be published; however, individual responses will never be 
reported . To fully represent the perspectives of a wide range of physicians, it is 
important that we obtain questionnaires back from those who have received them. 
We hope to receive approximately 7000 completed surveys from physicians across 
the country. 
• Each questionnaire is numbered to identify respondents. The identifier will only be 
used in the data collection phase. We will send a follow-up questionnaire to those 
who do not return the initial questionnaire. Once we have a complete record for each 
participant, all identifying information will be removed from the database. All analyses 
will be completed using private and confidential databases. The only people who 
have access to these data will be project staff who are required to keep the data 
private and confidential. 
• Information from this study may be reviewed by state and federal regulatory agencies 
and the Institutional Review Board of Boston University Medical Center. 
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• You may obtain further information about your rights as a research subject by calling 
the Office of the Institutional Review Board for Human Research of Boston University 
Medical Center at (617) 638-7202. If you have questions about the survey, you may 
call Bert White, MBA at (617) 232-9500 extension 4380. 
We hope you will take the time to complete this survey. We greatly appreciate your 
cooperation . 
Dan Berlowitz, MD James Burgess, PhD Gary Young, PhD Bert White, MBA 
Boston University School of Public Health & Boston University School of Medicine 
Form RIF 
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Section 1. Qualit Tar ets and Incentives in General 
These first questions ask for your thoughts concerning the use of incentives attached to 
quality targets in health care and performance measures in general. 
1. Physicians should be rewarded when 4. Physicians are aware of the financial 
they provide higher quality care. incentive features of health plan 
0 Strongly disagree contracts that apply to them. 
0 Disagree 0 Strongly disagree 
0 Neutral 0 Disagree 
0 Agree 0 Neutral 
0 Strongly agree 0 Agree 
0 Strongly agree 
2. Financial incentives are an effective 
way to improve the quality of health 5. Financial incentives aside, reaching 
care. the quality targets used in incentive 
0 Strongly disagree programs is good for patients. 
0 Disagree 0 Strongly disagree 
0 Neutral 0 Disagree 
0 Agree 0 Neutral 
0 Strongly agree 0 Agree 
0 Strongly agree 
3. Financial rewards are more effective 6. Physicians' efforts to achieve quality 
as an incentive compared to non- targets hinder them from providing 
financial rewards such as peer other essential medical services. 
recognition. 0 Strongly disagree 0 Strongly disagree 0 Disagree 0 Disagree 0 Neutral 
0 Neutral D Agree D Agree D Strongly agree D Strongly agree 
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7. Physicians have a professional 
responsibility to measure the 
outcomes of their care. 
0 
0 
0 
Strongly disagree 
Disagree 
Neutral 
0 Agree 
0 Strongly agree 
8. Feedback on specific clinical 
performance measures helps 
physicians identify opportunities to 
improve the quality of patient care. 
0 Strongly disagree 
D Disagree 
0 Neutral 
D Agree 
0 Strongly agree 
9. The primary motivation for 
performance measures is to improve 
the quality of patient care. 
D Strongly disagree 
0 Disagree 
D Neutral 
0 Agree 
D Strongly agree 
10. Most physicians are able to achieve the quality targets set by health plans and 
other payers. 
D Strongly disagree 
0 Disagree 
D Neutral 
D Agree 
0 Strongly agree 
11. It is informative for physicians to compare their performance with that of their 
peers. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
0 Strongly agree 
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12. Financial incentives for achieving quality targets are most effective when linked 
to the performance of individual physicians (rather than the performance of a 
team or group practice overall). 
D Strongly disagree 
D Disagree 
D Neutral 
D Agree 
D Strongly agree 
13. Below please find a list of selected clinical pathways. You or your practice may 
be eligible for financial incentives for achieving certain specific quality targets 
related to these pathways. For each one that is applicable, please indicate 
whether you are aware of the quality target(s) and any associated individual or 
group financial incentive. 
Aware of quality target(s)? Aware that there is a financial incentive? 
Yes No Does Not Apply Yes No 
A Asthma care pathway 1 2 3 1 2 
B. Diabetes care pathway 1 2 3 1 2 
C. Otitis media pathway 1 2 3 1 2 
D. Sinusitis pathway 1 2 3 1 2 
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Section 2. Your Ex erience with a S ecific Qualit Tar et 
14. To answer the next questions, it will be necessary to focus on a quality target 
and financial incentive {individual or group) associated with a particular clinical 
pathway. Detailed knowledge will not be necessary in order to answer the 
questions, however. Please select one of your high volume pathways to use as 
your focus for this section of the survey. 
15. 
16. 
0 Asthma care pathway 
0 Diabetes care pathway 
0 Otitis media pathway 
Sinusitis pathway 0 
0 Not aware of both a quality target and the individual or group If not aware, 
please skip to 
Question 46. 
financial incentive related to any of these pathways. ..,. 
About what percent of your 
patients are eligible for the 
pathway you selected in Question 
14? 
0 Less than 5% of my patients 
0 5% to 9% of my patients 
0 1 0% to 14% of my patients 
0 15% to 19% of my patients 
0 20% to 24% of my patients 
0 25% or more of my patients 
0 Not sure 
When were you first made aware 
of the financial incentive 
associated with the pathway that 
you selected in Question 14? 
0 Within the past 6 months 
0 7-12 months ago 
0 13-24 months ago 
0 More than two years ago 
0 I cannot recall 
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next. 
17. Who has given you the most 
information about the financial 
incentive associated with the 
pathway that you selected in 
Question 14? 
0 Excellus BCBS 
0 RIPA 
0 The manager or medical director 
of my practice 
0 Other clinicians 
0 Other- please specify: 
18. If you achieve the quality target 
and qualify for the financial 
incentive, how is the money 
distributed? 
0 Entirely to me 
D Entirely to my group practice 
0 Apportioned between me and my 
group practice 
0 Apportioned between me, my 
group practice and RIPA 
0 Apportioned between my group 
practice and RIPA 
0 Entirely to RIPA 
19. Have you personally received any 
payment related to the financial 
incentive you selected in Question 
14? 
0 Yes 
0 No 
0 Not sure 
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Please continue with the one quality target and Strongly Strongly associated financial incentive that you selected Disagree Neutral Agree 
in Question 14 in mind. Disagree Agree 
20 I have adequate information about the 1 2 3 4 5 definition of the quality target. 
This financial incentive represents an 
21 opportunity for me to appreciably increase 1 2 3 4 5 
my income. 
22 This financial incentive is tied to a quality 1 2 3 4 5 target that is clinically meaningful. 
Efforts to obtain this financial incentive 
23 hinder me from providing other essential 1 2 3 4 5 
medical services to this group of patients. 
24 The actions necessary to obtain this financial 1 2 3 4 5 incentive are largely within my control. 
Because of the clinical characteristics of my 
25 patients, it is more difficult for me to obtain 1 2 3 4 5 this financial incentive than it is for other 
physicians. 
26 The data used to assess achievement of the 1 2 3 4 5 quality target are accurate. 
I have adequate information about the 
27 scoring system used to compute the 1 2 3 4 5 
incentive amount. 
I know the amount of the financial incentive 
28 1/my practice will receive if I achieve the 1 2 3 4 5 
quality target. 
This financial incentive is sufficiently large to 
29 compensate for expenditures that might be 1 2 3 4 5 
necessary in order to meet the quality target. 
30 This financial incentive is tied to a quality 1 2 3 4 5 target based on sound medical science. 
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Please continue with the one quality target and Strongly Strongly associated financial incentive that you selected Disagree Neutral Agree 
in Question 14 in mind. Disagree Agree 
The effort required to obtain this financial 
31 incentive has an adverse impact on other 1 2 3 4 5 
types of patients in my practice. 
32 I would be just as focused on this quality 1 2 3 4 5 target without the financial incentive. 
33 New information technology has been 1 2 3 4 5 required to obtain this financial incentive. 
34 Physicians are on a level playing field for 1 2 3 4 5 obtaining this financial incentive. 
35 I get useful feedback regarding my progress 1 2 3 4 5 toward achieving the quality target. 
I invest extra time and effort in the care of 
36 those patients who are the focus of this 1 2 3 4 5 
financial incentive. 
37 Obtaining the financial incentive brings me 1 2 3 4 5 favorable recognition from my colleagues. 
38 The financial incentive aside, reaching this 1 2 3 4 5 quality target is good for my patients. 
39 I have changed my practice behavior to 1 2 3 4 5 
obtain this financial incentive. 
I receive useful assistance in response to my 
40 questions or concerns regarding the data 1 2 3 4 5 
related to this quality target. 
Overall, my patients who are the focus of 
41 this financial incentive are getting better 1 2 3 4 5 
care. 
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Please continue with the one quality target and Strongly Strongly 
associated financial incentive that you selected Disagree Neutral Agree 
in Question 14 in mind. Disagree Agree 
I am able to get the cooperation of other 
42 physicians as needed to obtain this financial 1 2 3 4 5 
incentive. 
I am able to get the cooperation of support 
43 staff as needed to obtain this financial 1 2 3 4 5 
incentive. 
44 The financial incentive is applied fairly to 1 2 3 4 5 physicians based on their performance. 
45 The quality target helps me focus my time 1 2 3 4 5 
and effort constructively. 
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Section 3. Your Ex erience with RIP A 
Please answer the next questions on the basis of your typical experience with RIP A 
during the past six months. 
46. RIP A seeks to maintain good 50. RIPA has confidence in my ability 
relationships with practitioners. to offer high quality care to my 
0 Strongly disagree patients. 
0 Disagree 0 Strongly disagree 
0 Neutral 0 Disagree 
0 Agree 0 Neutral 
0 Strongly agree 0 Agree 
0 Strongly agree 
47. RIPA wants to help me take 
better care of my patients. 51. RIPA encourages my questions 
0 Strongly disagree and feedback about quality targets. 
0 Disagree 0 Strongly disagree 
0 Neutral 0 Disagree 
0 Agree 0 Neutral 
0 Strongly agree 0 Agree 
48. RIPA interferes with how I care 0 Strongly agree 
for my patients. 52. I read the RIPA performance 
0 Strongly disagree reports thoroughly. 
0 Disagree 0 Strongly disagree 
0 Neutral 0 Disagree 
0 Agree 0 Neutral 
0 Strongly agree 0 Agree 
0 Strongly agree 
49. RIPA understands my situation 0 Do not get reports 
and needs as a practitioner. 53. RIPA performance reports are 0 Strongly disagree accurate. 
0 Disagree 0 Strongly disagree 
0 Neutral 0 Disagree 
0 Agree 0 Neutral 
0 Strongly agree 0 Agree 
0 Strongly agree 
0 Do not get reports 
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Section 4. Your Ex erience with Excellus BCBS 
Please answer the next questions on the basis of your typical experience with Excel Ius 
BCBS during the past six months. 
54. Excellus BCBS seeks to maintain good relationships with practitioners. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
0 Strongly agree 
55. Excellus BCBS wants to help me take better care of my patients. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
0 Strongly agree 
56. Excellus BCBS interferes with how I care for my patients. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
0 Strongly agree 
57. Excellus BCBS understands my situation and needs as a practitioner. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
0 Strongly agree 
58. Excellus BCBS has confidence in my ability to offer high quality care to my 
patients. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
0 Strongly agree 
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59. Excellus BCBS encourages my questions and feedback about quality targets. 
0 Strongly disagree 
0 Disagree 
0 Neutral 
0 Agree 
D Strongly agree 
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Section 5. Your Medical Practice Overall 
60. Overall, how satisfied are you 62. Are you alan (check one): 
with your current medical D Internist 
practice? D Family Medicine Physician 
D Completely Dissatisfied D Pediatrician D Very Dissatisfied D Other D Dissatisfied 
D Neither Satisfied nor 
Dissatisfied 
D Satisfied 63. Do you have a faculty 
D Very Satisfied appointment at a university or medical school? 
D Completely Satisfied DYes 
D No 
61. How many years ago did you 
complete residency? 64. If you are a primary care D Less than a year ago provider, approximately how 
D 1 to 2 years ago many active patients do you 
D 3 to 5 years ago currently care for? 
D 6 to 1 0 years ago D Less than 1 000 
D 11 to 20 years ago D 1000 to 1500 
D More than 20 years ago D 1501 to 2000 
D 2001 to 2500 
D More than 2500 
D Not a primary care provider 
65. Please use the space below to tell us about any issues related to quality 
targets or financial incentives that you think it would be important for policy 
makers to consider. 
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Thank you for completing this survey! 
Please return your completed questionnaire in the enclosed envelope to: 
Quality Targets and Incentives Survey 
Atlantic Research and Consulting 
1 09 State Street 
Boston , MA 02109 
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Form R Fax 22JUN04 
CHAPTER 5: OVERVIEW OF CHALLENGES AND FUTURE DIRECTIONS 
FOR RESEARCH 
5.1 Risk Factors for Cardiopulmonary Hospitalization in Chronic Spinal Cord 
Injury 
5.1.1 Specific Challenges in this Study 
The main threats to external validity in this study were the numerous possibilities for 
selection biases that existed. As in most studies, self-selection among eligible 
participants happened at the stage of informed consent. There was no opportunity to 
measure prospective cardiopulmonary hospitalizations among persons who did not 
consent to participate in the study and we do not know if the risk among them 
systematically differed from that among participants. Recruitment was done through 
mailed invitation to patients receiving primary or specialty SCI care, advertisements in 
SCI journals, and face-to-face invitations by clinician investigators after clinical 
encounters (Jain, Brown et al. 2006). Some prospective recruits openly declined 
participation while others, after initially consenting, did not provide adequate contact 
information. 
The exclusion criteria are another potential source of selection bias. It was necessary to 
exclude persons who were dependent on mechanical ventilation since there was no way 
of assessing pulmonary function among them and the parent project was conducting 
spirometry. Once again we had no access to comparable data on cardiopulmonary 
hospitalizations among those persons who were on mechanical ventilation and cannot 
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ascertain whether they showed any systematic differences in hazard. Similarly, persons 
who had recovered fully from SCI, had undergone lung resection surgery, or had 
neurological diseases similar to chronic SCI, such as multiple sclerosis or poliomyelitis, 
were also excluded and we have no further data on the risk of hospitalization among 
them. 
Our study sample were all veterans but, since eligibility for VA services was not a 
significant risk factor independent of other covariates, there is no evidence that the 
external validity of our fmdings is limited to veterans. Lack of data from Medicare 
hospitalizations might also not have introduced any significant selection bias given that 
enrollment in Medicare services was not a significant independent predictor of the 
outcome. There is no evidence that the generalizability of our fmdings to non-veterans 
with chronic SCI was limited by any selection bias resulting from sampling only veterans 
or sampling only VA hospitalizations in this study. All studies, especially in the field of 
health services research, suffer from some sort of selection biases but are not necessarily 
compromised by such biases. 
Since longitudinal data on hospitalizations were objectively captured and electronically 
stored at the point of access, and electronic records were retrievable through the 
nationwide VA network, this study had no significant loss to follow-up . Many 
prospective observation studies notoriously suffer from this bias (Kristrnan, Manno et al. 
2004) but this was not a challenge in this study. 
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5.1.2 Future Prospects and Perspectives for Similar Studies 
Continued follow-up of the VA Boston Chronic SCI Cohort will present many 
opportunities for extending this study over the next several years. It would be noteworthy 
to see if demographic and psychosocial variables gained in statistical significance after 
more prolonged observation of the cohort and increase in the sample size of 
hospitalizations captured. Further studies on the same cohort could include longitudinal 
measures of the clinical and personal variables that were only assessed at baseline in this 
study. Findings from studies that have gathered prospective data on clinical and 
demographic variables, as well as the longitudinal hospitalization data, would be able to 
account for any changes in BMI and lung function, for instance, over time. 
More explicit testing of depression symptoms, with instruments such as Beck's 
Depression Inventory (BDI) (Beck, Ward et al. 1961) and the Center for Epidemiological 
Studies Depression (CESD) score (Radloff 1977), and of posttraumatic stress disorder 
(PTSD) symptoms with the PTSD check-list (PCL) (Blanchard, Jones-Alexander et al. 
1996) would be ideal. Another potential area of extension for future studies is to test the 
activity level theory (lvie III and DeVivo 1994) more explicitly and systematically by 
capturing objective data on functional status using instruments such as the Functional 
Independence Measure (FIM) (Oczkowski and Barreca 1993). The presence of an obesity 
paradox could be confirmed or disproved by collecting data on micronutrient indicators 
of nutritional status, in addition to the anthropometric measures assessed in this study. 
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5.2 Length of Stay for VA and Medicare Hospitalizations in Chronic Spinal Cord 
Injury 
5 .2.1 Specific Challenges in this Study 
Since this second study was conducted on largely the same cohort of patients as the first 
one, many of the specific challenges encountered are similar to those mentioned above 
for the cardiopulmonary hospitalization risk study. We assume that the inclusion of non-
V A hospitalizations that were reimbursed by Medicare makes the sample for this second 
study a more accurate representation of the universe of acute care any-cause 
hospitalizations among persons with chronic SCI than the sample for the first study. Such 
generalizability would have been enhanced further had it been possible to include 
hospitalizations that were reimbursed by Medicaid. 
The exclusion of admissions for primary diagnoses in the ICD-9 V code category and of 
SCI-related admissions solely for physical examinations or similar procedures can be 
speculated to have decreased rather than increased the selection biases. As mentioned in 
chapter two, we also excluded four extraordinarily lengthy hospital stays of 1 000 days or 
more which, after examination of the electronic medical records, were judged not to have 
been typical acute care hospitalizations. It can be speculated that these exclusions also 
enhanced rather than decreased generalizability to the wider universe of acute care 
hospital stays among persons with chronic SCI. The possibility that exclusions ofiCD-9 
V -code or SCI-related or outlier-stay admissions introduced or increased selection biases 
on unmeasured confounding factors can nevertheless not be completely ruled out. 
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The possibility of ascertainment bias due to the unavailability of data on 1996-1998 
Medicare-reimbursed non-VA hospitalizations cannot be ruled out, even though the 
findings are essentially identical whether the earlier (1996-1998) VA hospitalizations are 
included in the modeling or not. It is virtually impossible to predict how or whether the 
multivariable modeling results would have significantly changed had data on the 1996-
1998 Medicare hospitalizations been available and included. The fact that the year of 
admission (a time variable) was a statistically significant independent predictor of length 
of stay supports the possibility that inclusion of Medicare-financed hospital stays from 
the earlier period could have altered the results. However, the fact that the hospital 
system, Medicare versus VA, was not a statistically significant independent risk factor 
tends to support the generalizability of our findings to the wider universe of acute care 
hospitalizations among persons with chronic SCI accessing different systems of care. 
The fact that several variables were either only available for Medicare or VA 
hospitalizations and not the other, or were measured differently in the two hospital care 
delivery systems posed a challenge to face validity and criterion validity in this study. In 
several instances hybrid variables were created that included features of the original 
variables that were measured in both systems of care. Two examples of such variables are 
the source of admission and the discharge destination, which have different categories in 
Medicare and VA hospitalization datasets. Since other researchers might have made 
different choices on how to create the hybrid variables, this could limit replicability and 
reproducibility (i.e. test-retest reliability) of the study. Most of such variables were 
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however considered adjustor variables and were not the main focus of the study. 
5 .2.2 Future Prospects and Perspectives for Similar Studies 
Continued follow-up of the study cohort over the next several years will shed more light 
on further evolution, over time, of the variable relationships that were modeled. One 
logical extension of this study is by including longitudinal (and not just baseline) 
assessment of clinical, demographic, and psychosocial measures so as to be able to 
account for their variability over time. 
Inclusion of hospitalizations that were reimbursed by Medicaid would enhance external 
validity even further. Data on the individual characteristics of the hospitals and medical 
centers might also shed more light on their roles as structural I predisposing factors. Such 
variables might include number ofbeds (capacity), ownership status, teaching status, 
trauma center availability, and staffing levels. Future studies should consider merging in 
the hospital services datasets from the Centers for Medicare and Medicaid (CMS), which 
were outside the scope and the budget of our study. We tried to make up for this by 
including data on the hospital referral regions (HRR), but it is possible that the 
characteristics of the hospital would have been a more direct measure of the structural 
predisposing factors. Availability of data on provider-level variables might also enhance 
the understanding of their role in the conceptual framework that was modeled. Such 
variables might include the demographics and specialty status of admitting physician, 
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longevity of clinical experience, board certification and licensure status, history of 
malpractice suit, and professional attitudes. 
5.3 Provider Attitudes Associated with Adherence to Evidence-Based Clinical 
Guidelines 
5.3.1 Specific Challenges in this Study 
From the outset, the main challenge in this study was the response rate to the attitudes 
survey. Physicians are extremely busy professionals and studies involving surveys among 
their like are notoriously difficult to conduct. It was not possible to assess attitudes 
among the non-respondents and we were unable to state to what extent the response rate 
introduced selection biases in this study. In an earlier study we compared respondents and 
nonrespondents on medical specialty, practice type, and practice size, and found 
significant but modest differences on specialty and practice size, but neither factor was 
associated with attitudes toward P4P among respondents . 
Another potential for introducing or increasing selection biases were the exclusions of 
respondents who did not select a panel-representative medical condition, those who 
selected a medical condition for which they did not qualify to receive quality-based 
fmancial incentives, and those who were missing data on guidelines adherence rates. We 
found no significant differences in mean attitude scores between respondents who were 
excluded (n=104) from the study sample and those who were included, although non-
participants had slightly higher proportions of pediatricians, PCPs >20 years post-
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residency, multi-specialty practices, and practices in > 20% minority-race neighborhoods. 
Loss to follow-up was somewhat of a challenge with regard to longitudinal data on 
physicians' adherence rates to clinical guidelines. The adherence rates in the year 2001 
were taken as the measure of baseline clinical behavior because guideline adherence rates 
in the years 1999 and 2000 had much higher rates of missing data. The same was true for 
adherence rates in 2002 and 2003 , when the "Value of Care" incentives were in full 
implementation mode. If the levels of missing data for guideline adherence in 1999, 
2000, 2002, and 2003 had been less, it would have been possible to treat the outcome as a 
longitudinal variable and to account for trends in guideline adherence in our study design. 
The unavailability of longitudinal data on physician attitudes led to missed opportunities 
for examining the evolution of these attitudes over time. Physicians are reported to go 
through predictable stages in the process of acceptance of quality targets and incentives. 
According to the awareness-to-adherence model, physicians first become aware of the 
guidelines, then intellectually agree with them, then decide to adopt them in their care, 
then regularly adhere to them at appropriate times (Pathman, Konrad et al. 1996). 
Beckman and colleagues (Beckman, Suchman et al. 2006) propose that, as in the stages 
ofthe dying process, the initial reaction of providers to such external incentives is denial, 
followed by anger, bargaining, and then, potentially, acceptance. Given the cross-
sectional attitudes survey, it was unclear at what point the respondents were on the 
pathway to acceptance, but some were surely in early denial or anger stages that may 
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have affected their response to the guidelines. 
There was some confounding of guideline adherence rates with pediatric specialty status, 
as well as interaction between medical specialty and the selected panel-representative 
medical condition. It is therefore possible that real differences in the ease of achieving 
different quality targets rather than medical specialty account for some of the observed 
differences in adherence. There were, however, no significant differences by specialty 
(p=0.56) or panel-representative condition (p=0.59) in responses to the difficulty item on 
the survey (Q25). Furthermore, adjusting for the representative condition did not change 
the directionality of our findings, although it minimally altered the parameter effect sizes. 
These limitations most likely did not significantly impact the reliability of our fmdings . 
Unavailability of data on patient-level variables meant that we were unable to account for 
comorbidities, which are reported (Pogach, Tiwari et al. 2007) to influence treatment 
targets. We therefore employed zip code-level community characteristics as a proxy for 
outpatient demographics . There was no statistically significant independent association of 
any of the community characteristics with either attitudes or adherence to clinical 
guidelines. Since neither community characteristics nor the representative condition 
remained significant after we accounted for provider attitudes and specialty, we found no 
evidence that our findings were not generalizable to other primary care I outpatient 
settings, or to care for other medical conditions. 
154 
As the study was in a high-penetration employer-supported HMO setting, it is 
conceivable that external validity might be limited to similar health-insurance settings. 
External validity might also not extend to more specialized or inpatient or Medicaid and 
Medicare settings, which differ from the study setting. The accuracy of administrative 
data on guideline adherence could have been compromised by within-practice and 
between-practice variability in disease coding standards due to different reimbursement 
considerations. We did not have a clear way of testing for such variability in quality 
control standards since the datasets were delivered to the study team after initial 
processing, cleaning, and merging had been done at RIP A. 
5.3.2 Future Prospects and Perspectives for Similar Studies 
There are several logical extensions of this work. One possibility is to organize a similar 
study with the systematic longitudinal measurement of provider attitudes to managed care 
as well as their rates of adherence to clinical guidelines over a period of several years 
before and after the implementation of quality-of-care incentives. Such a design would 
enable the assessment of changes in healthcare provider attitudes and to relate them to 
both contemporaneous and future changes in adherence to recommended care. 
What would be even more profound is to extend the analysis beyond the assessment of 
contextual factors and attitudes to include other psychosocial variables such as providers' 
needs, values, goals, intentions, and self-efficacy. The theoretical framework first 
proposed by Edwin Locke (Locke 1991) could be adapted to understanding what 
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motivates physicians and other healthcare providers to engage in the work that they do. 
The framework proposed by Locke is known as the "motivational sequence" and was 
intended to serve as an integrative theoretical framework to combine the plethora of work 
motivation theories that have been enunciated over the past several decades. He proposed 
that, like all goal-directed behavior, work motivation is first propelled by action to fulfill 
real and perceived needs. In order to opt for particular actions to fulfill their needs, 
people are guided by a code of values. The application of values to specific situations 
then leads to goals or intentions. What goals people end up choosing are themselves 
affected by expectancy or self-efficacy. Goals/intentions and expectancy/self-efficacy 
are the most direct and immediate motivational determinants of work performance. As a 
consequence of their actions or performance, people experience rewards or punishments, 
which themselves result in job satisfaction or lack thereof. Future studies should evolve 
psychometrically sound scales and instruments for all these constructs so that they can all 
be empirically assessed among healthcare providers and the theoretical and statistical 
relationships among them analyzed in a healthcare setting. 
The assessment of physician autonomy could also be expanded to distinguish the 
perceived need for professional autonomy from direct measures of autonomy that is 
already being enjoyed. The intuition exercised in this study by distinguishing autonomy 
from the IP A and autonomy from the health plan could also be extended to include 
autonomy from the patient, autonomy from professional associations, autonomy from the 
pharmaceutical industry, and autonomy from the federal or state or local government. 
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Valid and reliable autonomy scores could be generated and tested for all these suggested 
dimensions of 'overall autonomy' . 
More triangulation would be possible if patient-based measures of physician 
characteristics and assessments of provider-patient communication were also added to the 
framework. Patient-based measures could include such variables as physician empathy, 
sympathy, professionalism, trust in the physician, loyalty to the physician, and patient 
satisfaction. Measures of the quality of physician-patient communications could happen 
on such dimensions as respect for the patients ' views and values, listening to the patient, 
sharing talking time with the patient, ability to incorporate patient preferences into the 
clinical management plan, and cultural competence. 
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